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ABSTRACT
A single conceptual system based on energy flow was used to analyze 
the interrelations and tradeoffs among environmental and economic processes 
in the Barataria Basin Hydrologic Unit in coastal Louisiana. The energy 
basis and ecological interactions of the region were developed for the 
period of 1900 through the present and projected to 1995 from an analysis 
of land use patterns, field measurements, compilations of state, federal 
and university data, energy analysis, and models.
The vitality of the Barataria Unit was assessed by analyzing the 
energy balance between the developed and natural environment. In the 
energy flow analysis methodology it is believed that there is some 
optimum balance between the natural energy flows of the environment and 
the purchased energy flows of man’s developed systems.
Since 1900 there have been tremendous changes in land use in the 
Barataria region. Upland area will have increased from 96,246 ha in 
1900 to 134,724 ha in 1995. Man is augmenting natural rates of land 
loss directly through dredging of land and indirectly by causing salt 
water intrusion and increased water level fluctuations. As a result of 
land erosion, the land to water ratio will have decreased from up to 
6.7:1 in 1900 to 1.1:1 by 1995. Upland land use has changed from 
primarily bottomland hardwood forest to mainly agricultural land. By 
1995 urban land will become quite extensive and will comprise 43 percent 
of all uplands.
The Barataria region is supported by a diverse array of energy 
flows. Natural energy inputs evaluated include the sun (measured as 
that captured by plants in gross photosynthesis), winds, tides, and the
energy associated with the head and the freshwater gradient of the 
Mississippi River, Bayou Lafourche, and rainfall. Purchased energies 
evaluated were consumption of fossil fuels, trade of goods and mate­
rials, tax transfers, recreation and tourism, port, mining, and flood 
control and navigation projects. Natural energy flows comprised 25 
percent of the total regional work in 1975. Photosynthesis, the Mississippi 
River, and winds represented the largest natural work processes in 1975. 
Consumption of fossil fuel accounted for the largest input of energy to 
the.region, making up 75 percent of the total flow of purchased energy.
The ratio of purchased to natural energy inputs for this region was 
about 20 percent higher than the national average (2.5) in 1970, suggesting 
the region is slightly overdeveloped. By 1995 it is projected that the 
ratio will be 13:1, which would imply severe overdevelopment and natural 
resource degradation.
When the carrying capacity of a region is exceeded (ie., purchased: 
natural exceeds 2.5:1), there is invariably a decline in natural energy 
inputs. Available evidence on environmental quality documents the 
decline in natural energy inputs to the Barataria region. Air and water 
quality are below acceptable standards, and human health problems, 
especially urinary and gastrointestinal cancer, are above national
averages. Swamp forest productivity has declined 50 percent and potential 
maximum sustainable fishery yields are declining.
Energy subsidies to agriculture in the Barataria region were 
analyzed. The results showed that the most widely used methods of 
energy accounting do not measure the total energy value of labor. In 
the region vegetables have the largest energy subsidy at 47.6 x 10^ kcal/ha
xi
and soybeans are the least energy intensive at 3.1 x 10 kcal/ha. In a 
regional energy context,sugarcane is not necessarily a desirable crop.
The production of alcohol from sugarcane yields no net energy. It appears 
that soybeans are an energetically better choice for the region than 
sugarcane.
A simulated model of upland runoff in the Des Allemands swamp 
showed that nutrient loading and runoff rates will increase signifi­
cantly by 1995. However, removing spoil banks and allowing overland 
flow through the swamp could lower the eutrophication index of Lac des 
Allemands and increase forest productivity.
xii
INTRODUCTION
The Barataria Basin has long supported intensive hunting, trapping 
oystering, crawfishing, crabbing, sports, and commercial finfishing, as 
well as extensive oil production, logging, and agriculture. The basin 
is now showing signs of eutrophication and wetland deterioration.
Wildlife and fishery levels are declining insome cases. Thus, it is 
becoming increasingly important to examine the function of the entire 
basin to understand what kinds of uses are compatible with natural 
resource productivity and which uses are responsible for its deterio­
ration. A systematic method of tabulating' the longterm value and effects 
of each activity is required.
A natural wetland is a multiple benefit resource. Some of the 
benefits are food, wildlife habitat, aesthetic and recreation potential, 
water storage, geochemical cycling, waste assimilation, and storm 
buffering. Traditionally human valuation of wetlands has included only 
the private benefits attainable through the market mechanism. Fishery 
sales is an example. The market mechanism does not measure the social 
value, hence there is no incentive to optimize for society the natural 
resource benefits. An owner of wetlands can not monetarily receive all 
the benefits provided by wetlands. His benefits are less than those 
accrued to society. The collective benefits accrued to society are 
called externalities. As they are not considered in the owner's 
decision-making process, there is suboptimal utilization of wetlands. . 
For this reason the dollar or market mechanism cannot be used to tabu­
late the long term value and effects of activities in the wetlands. 
Management decisions based on dollar value do not consider externalities
and consequently will not lead to the best use of wetlands (see Dohan 
1977).
To improve the analysis of interrelations and tradeoffs among 
environmental and economic costs, a consistent set of measures based on 
a single conceptual system is needed. Odum (Odum 1971, Odum and Odum 
1976) developed such a methodology by using a concept of energy flow to 
measure impacts of man-made changes in ecosystems. What makes the 
methodology so valuable is its ability to integrate many kinds of 
available data including both economic and ecological realms. Exter­
nalities are considered equally with private benefits. Lavine and 
Mayburg (1976) compared Odum’s technique with 17 other environmental 
analysis methodologies and concluded that the energy flow methodology 
offers a significant improvement to the state of the art of environ­
mental analysis. I usedthis methodology to analyze the environmental 
status of the Barataria Basin.
Energy Flow Analysis Methodology
The following paragraphs present the major concepts of the energy 
flow analysis methodology. The underlying principle of the methodology 
is that everything in the universe has an energy component and that all 
work processes and interactions require energy. Energy is the ultimate 
limiting factor in any system. Therefore, the flow of energy can be 
used as a common denominator by which all systems can be quantified and 
evaluated without bias. These can include both natural systems and 
economic systems of man.
Prerequisite to managing or measuring impacts on systems is an 
understanding of the laws and concepts which dictate the structure and
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function of systems. The first and second thermodynamic laws are widely 
recognized concepts that explain energy flow and work processes of all 
systems. Another little known theorem also describes system behavior. 
This theorem, developed by Lotka (1922) and modified by Odum (1971), 
states that "systems that survive in the competition among alternate 
choices are those that develop more energy inflows and use them best to 
meet the needs of survival" (Odum and Odum 1976). This "maximum power" 
principle explains why certain systems survive or outcompete others. To 
develop more energy inflows and to use them to the best advantage, sur­
viving systems exhibit the following traits. They develop means of 
storing high quality energy, they feed back stored energy to further 
increase energy inputs; they develop interdependencies and diversity to 
enhance efficiency of energy capture and to keep the system adapted and 
stable; they produce outputs that can be exchanged with other systems 
to supply special energy needs. During times of unlimited energy, 
efficiency is secondary to continued growth. When energy is limiting 
efficiency of energy capture and usefulness of work processes are the 
criteria of system survival. The maximum power theorem is exemplified 
in a forest succession. The kinds and numbers of trees that dominate in 
a forest are those that make the best use of available energies. In the 
piedmont region of southeastern U.S., pines are the first trees that 
colonize. Pine seedlings need abundant light energy. With forest 
closure and reduced light penetration to the soil surface,however, 
hardwoods begin to form in the understory. Seedlings such as oak and 
hickory, which can cope with low light intensity, outcompete pine for 
available sunlight. Oak and hickory have then developed more energy 
inflows and have used them best to meet the needs of survival.
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In quantification and evaluation of energy flow in systems, measures 
must be of the same quality. Some energy flows are capable of supporting 
more work per unit energy than others. Energy flows that are equivalent 
in their ability to do work are of the same quality. For example, with 
some work processes, a calorie of electricity can do more work than a 
calorie of coal, and both can do more work than a calorie of sunlight.
In fact high quality energy-such as electricity can do work that is not 
possible at all with low quality energy such as sunlight. Radio communication 
is an example. High quality energy is useful in competitive systems 
because it "opens valves" for the flow of more low quality energy.
Energy quality is determined by calculating how much energy of one form 
is required to develop another form or by calculating how much energy of 
one form is needed to perform the same amount of a particular kind of 
work that a unit of another energy form does. As such a series of 
energy forms and qualities was developed. Coal and oil are 3.5 times 
less concentrated than electricity (in other words it takes 3.5 units of 
coal for process energy and for plant construction and maintenance to 
produce and deliver to the consumer 1 unit of electricity); coal and 
oil are 2000 times mores concentrated than sunlight and 20 times more 
concentrated than plant biomass. In this study comparisons of one 
energy to another in terms of ability to do work are made using the 
scale of energy quality ratios presented by Kemp (1977). The ratios 
were based with coal being the common denominator. Units are reported 
as coal equivalents (CE).
Evaluation of systems that include man involves consideration of 
environmental or natural energy flows and those energy flows of man that 
include manufacturing, mining, services, and distribution. The former
flows are called natural energies, while the latter are called purchased 
energies. Natural energies are calculated by measuring gross primary 
production, and the work of winds, tides, rain and rivers. Purchased 
energies are calculated by accounting for all direct and indirect energy 
subsidies of man's economic system. Purchased energies are usually 
calculated out of convenience using the relationship between the flow 
of energy and the flow of money in the U. S. economy. The energy 
expended per dollar is calculated from the ratio of total U.S. energy 
consumption to Gross National Product. In 1970 this ratio was 20,000:1 
(Heichel 1973).
In energy flow analysis it is believed that management should be 
directed in a manner allowing the best use of available energy to 
produce the most useful work. As man's system depends on the natural 
environment for his basic life support there should be a combination of 
energy resources, containing natural energy flows (life support) and 
human system flows, that provides the most useful work for a particular 
system to be competitive. As an example of life support flows, eco­
systems maintain the hydrologic cycle by evapotranspiration and soil 
stabilization. They also absorb and recycle pollutants thus purifying 
air and water. Additionally they provide products such as food, clothing 
and timber.
Man's systems maximize their work output by coupling high quality 
energy, which they purchase or produce, with the lower quality solar- 
based energies of the natural system. This interaction is a balance of 
nature and man, with the energies of both systems contributing to the 
larger coupled system.
High quality Purchased energy is attracted to an area in proportion
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to the supply of available free natural systems energy (Odum and Odum 
1976). Nature's life support system subsidy allows industry to generate 
more work with less expense. It is believed that optimum financial 
return on investment can be obtained when high quality energy is properly 
matched with large natural energy flows. This concept is clearly 
exemplified in the Mississippi River deltaic plain of southeastern
A
Louisiana. Industry has been attracted to the natural levees of the 
river because of the abundance of nearby oil and because of the river 
itself, which has served as a dump, a source of freshwater, and a cheap 
navigation route.
Odum assumes that there is an optimum ratio of purchased to natural 
energy inputs to a region. The United States 1970 ratio supposedly 
represents that optimum balance between man's systems and the natural 
life support system. The 1970 ratio was chosen because that is when the 
first public cries of environmental pollution and degradation were 
strongly voiced. It marked the point at which the natural system was 
found to be significantly declining (witness NEPA drafting), implying a 
decrease in input of low quality natural energies. Consequently purchased 
energies had to be diverted from useful, productive, work processes to 
make up for the loss of natural energies. The ratio was calculated to 
be 2.5:1 for the U.S. in 1970 (Odum and Odum 1976). This was calculated
by using the total fossil fuel energy consumption by the U.S. in 1970 as
the invested energy (purchased) and total sunlight that reached the 
country's surface as the natural energy (both in same quality units).
Various regions in the U.S. can be evaluated as to their competitive
advantage by comparing with the nationwide ratio. When the investment 
ratio is too high the region must use scarce high quality resources on
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processes that could originally be handled adequately by the natural 
system at no cost. Air and water pollution from intense energy use and 
the associated cost of lowering the pollution level is an example.
The need to find a balance between the developed and natural 
environment was identified when the energy flow analysis methodology was 
initially being developed. Odum and Odum (1972) realized that if 
developed systems spread in an unrestricted manner at the expense of the 
natural system then eventually the natural system would reach a point 
where it could no longer perform its free life support functions. The 
quality of both systems (man and nature) would then deteriorate. They 
claimed that there must be some optimal ratio between natural and 
developed environments. They used the "green belt" approach, to 
determine the optimal ratio. With this approach, one determines the 
per capita acreage requirements of natural system necessary to maintain 
a reasonable standard of living for an individual on a continuing, self- 
contained basis. Odum and Odum showed that 5 acres are needed per man 
in Georgia and that 2/5 must be natural. Odum and Odum (1976) extended 
the green belt analysis quantitatively by determining a purchased:natural 
energy ratio.
In summary, energy analysis of a region can be used to provide an 
understanding of the interdependency of man's systems and natural systems. 
The analysis can be used to assess the degree of development of an area 
and to assess resource management alternatives. By realization of the 
importance of natural energy flows as they interact with man's purchased 
flows one can attempt to utilize those natural energies optimally so 
that precious high quality energies are not diverted from other produc­
tive and useful work processes. Using this concept man's systems can be
managed to work optimally with natural systems.
In this paper an analysis is made of the.-purchased and natural 
energies that drive the Barataria Basin Hydrologic Unit in coastal 
Louisiana. The ratio of these energies is followed from 1900 to the present 
and predicted for 1995. The object of this analysis is to determine 
quantitatively the degree of development existing and proposed in the 
region. The analysis should be useful to environmental managers in 
their attempt to make the best use of available energies so as to maintain 
regional productivity and competition. The decline in natural energy 
inputs to the region isdocumented and related to declining wildlife and 
fishery levels, eutrophication, wetland deterioration, and human health 
problems. Analyses are also made of two ways in which the interaction 
between man's systems and natural systems can be improved. In one, a 
model is used to explore ways in which swamp hydrology can be modified 
so that increased development can continue to occur on adjacent lands 
without causing degradation of the natural system. The other analysis 
examines the energy intensiveness and energy yield of all major crops in 
the region in an attempt to optimize energy use.
HABITAT AREAS AND LAND USE IN THE 
BARATARIA BASIN HYDROLOGIC UNIT
The information in this section forms the basis of the forthcoming 
regional energy analyses. Work processes such as wind, primary production, 
and fossil fuel consumption were calculated on a unit area basis for 
each ecological zone or land use category. Past and future energy 
scenarios were calculated from determinations of the areal extents of 
the various land use categories in the past and future. In most cases, 
work processes rates were assumed constant through time. An example is 
that a unit area of salt marsh was considered to be as productive now as 
it was 100 years ago. Rates per unit area were modified with time 
whenever information was available.
Area Description
The Barataria Basin Hydrologic Unit (BBHU) is an interdistributary 
basin in the Mississippi River deltaic plain. It is bordered by the 
Gulf of Mexico, the Mississippi River, and Bayou Lafourche, an abandoned 
river distributary. Figure III shows the major geomorphic features of 
the BBHU. Natural levees and river crevasses form the inland perimeter 
of the basin. A chain of barrier islands separates the basin from the 
Gulf of Mexico and in addition to natural levees are the only regions 
that are not periodically flooded. These relatively high lands slope 
from up to 9 m above MSL along the river to about 0.3 m towards the 
central axis of the basin. The interior of the BBHU is wetland (swamp, 
and marsh) and waterbodies. The basin has an area of 628,619 ha.
The BBHU is an hydrologically integrated system. Freshwater enters
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the region as rainwater. Runoff flows off the natural levees to the 
flat (slope of about 0.625 cm per 1 km) interior wetlands and then down 
the central axis of the basin to the Gulf of Mexico. The Gulfward 
portion of the BBHU is tidally influenced. The predominantly diurnal
tides have an average amplitude of 0.3 m.
In the past 150 years considerable development has taken place, 
primarily on the natural levees. The region is presently one,of the 
largest oil and natural gas producing areas in the country, is one of 
the most productive petrochemical industrial bases in the country, and 
is the site of a portion of the country's second largest port.
Due to natural geological cycles associated with the Mississippi 
River and man's development of the region, the areas of the various 
physiographic and ecological zones are in a constant state of flux. 
Continuous artificial levees along the Mississippi River have effectively 
stopped all overbank flooding into the BBHU. Channelization in the 
delta causes most riverine sediments to be discharged over the continental 
shelf break thus preventing any new land building in the area. Ecological 
zonation in the basin is changing in response to saltwater intrusion, 
erosion, and urban development. Wetlands are being reclaimed for urban 
and agricultural activities. Detailed geological and ecological discus­
sions of the BBHU can be found in Gagliano and van Beek (1970), Day et 
al. (1973), Hopkinson et al. (1979), Hopkinson and Day (1977, 1979),
Craig and Day (1977), Craig et al. (1979) and Gael and Hopkinson (1979).
Land Use
The energy analysis of the BBHU is based to a large degree on the
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areal extent of land use categories. Identification and methods of 
area quantification are presented in detail in Appendix I.
Zonation in the basin is a response to inundation depth and frequency 
and water salinity. Uplands are defined as elevated natural levee land, 
and crevass land, and as reclaimed (drained) wetlands. The remainder 
of the BBHU is wetland and aquatic. Salt marshes exist at the gulfward 
end of the basin and progress into brackish and fresh marshes inland as 
salinity decreases. The wetland region furthest from the Gulf is fresh­
water swamp. Locations of the various ecological zones as they existed 
in 1970 are shown in Figure II-2.
In Table III past, present and future areal extents of the major 
ecological zones in the Barataria Basin Hydrologic Unit are listed. Due 
to an average shoreline retreat of 4.9 m annually the total area of the 
basin has been declining slightly. Upland area will increase from 96,246 
ha in 1900 to 134,724 ha in 1995. This increase has come at the expense 
of wetland areas that were reclaimed. Man is augmenting natural rates 
of land loss directly through dredging of land and indirectly by causing 
increased salt water intrusion (which tends to temporarily kill erosion- 
retarding vegetation) and increased water level fluctuations (hence 
erosional energy) (Craig et al. 1979). As a result wetland area has 
been decreasing while aquatic area has been increasing. The land to 
water ratio in the fresh marsh changes from 6.7:1 in 1900 to 1.1:1 in 
1995. Although the change is most dramatic in the fresh marsh, the 
swamp, brackish and saline marshes also experience high rates of con­
version.
In addition to major ecological zonation changes there have been
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significant differences in the ways inwhich land is used in the upland 
zone (Table II-2). Once mature oak forests along the natural levees 
have been replaced through time by land devoted to agricultural and 
urban uses. Land in agricultural use has comprised the largest percen­
tage of the total upland since before 1900. Agricultural land area is 
highest at present and is expected to decline by 1995 from the present 
71 percent of the land area to about 46 percent. Forest area declines 
as the land is cleared for agricultural and urban uses. Whereas urban 
land comprised only 4 percent of upland area in 1900, it will comprise 
43 percent in 1995. The majority of the land that is to be urbanized is 
former farmland (52 percent), but a large portion is estimated to come 
from further wetland reclamation —  15 percent swamp and 12 'percent marsh 
(see Table II-l).
Table II-1. Past* present* and predicted future areal extents of najor ecological categories in Barataria Basin.
Area (hectares)
Land category 1900 1970 1995
Land Water Land Vater Land Water
Swamp 149753 1451 97954 2202 76978 17576
CR* 0.0084
Freah aarah 176115 26315 87789 67240 77033 73333
CR 0.0125
SracVlah aarah 97337 17177 55036 48264 40922 61482
CR 0.008
Salt marsh 77063 74041 63356 82144 53219 92280
CR 0.0084
Upland 96246 124634 134724
Total Basin 633124 628619 627550
Note: a) Conversion rate (CR) of land to vater per year*
Table II-2. Changes in land use categories on upland habitat through time.
Land use type Area (hectares)1890 Present 1995
Total upland 96246 124634 134727
Agricultural forest 23680 12067 9688
Nonagricultural forest 11613 4224
Industrial 652 3534 15461
Residential and commercial, etc. Agriculture 3333 19278 42537
Pasture 6395 24882 19942
Cropland 47562 36596 29094
Farm support 14624 16664 • 13370
Note: 1995 areas calculated by increasing residential and industrial areas by State Planning estimates 
and decreasing others as predicted by State Planning projections. 1900 areas calculated by 
multiplying 1900 population by 1975 per capita densities for industrial, and residential zones. 
Agricultural areas from U.S. Department of Interior.
Figure II-l. Physiographic overview of the Barataria Basin 
Hydrologic Unit
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Figure II-2. Ecological zones and urban centers of the 
Barataria Basin Hydrologic Unit
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ENERGY FLOW ANALYSIS
In this section the Barataria Basin Hydrologic Unit is put in 
macroscopic perspective with an analysis of the energies that support 
it. Both free, natural, renewable energies of nature and purchased 
fossil fuel-based energies of man are included. The temporal pattern of 
both energy types will be examined to elucidate the relation of one to 
the other through time.
A simplified energy diagram that was used to organize data collection 
of driving energy forces of the BBHU is shown in Fig. III-l. Energy 
flows associated with primary production of basin vegetation will be 
analyzed first. Next, other free energy inputs to the region are
discussed and then the economic energy flows of man.
NATURAL ENERGIES 
Gross Productivity
Productivities of the nine major ecological zones of the BBHU are 
listed in Table III-l. Column E, gross primary production (aboveground,
belowground, and leachate) is the rate at which radiant, energy is stored
by the photosynthetic activity of producer organisms. This energy 
stored in the form of organic substances supports the entire trophic 
system. Gross primary production is that portion of the sun's radiant 
energy reaching the earth's surface that is used to drive all living 
organisms in the basin. With the exception of the swamp, productivity 
values are based on healthy stands of vegetation. Due to insufficient 
data on the areal extent of altered wetlands no attempt has been made to 
consider those impounded areas in the marsh that have low productivity.
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The same holds true for estimates of export from wetlands. Consequent­
ly, estimates of total available energy in the water column are somewhat 
high.
Productivity of the upland region is shown in more detail in Table 
III-2. Agricultural production estimates are broken down further in 
Table III-3. All areas upon which regional productivities are based 
were presented in section II.
Productivity as it has been changing through time is shown in Table 
III-4 and III-5 for 1900 and 1995 respectively. Wetland productivities 
were determined on the basis of constant rates per unit area. No 
attempt was made to consider artificial impoundment effects and pollution 
stress on wetland production. One could assume that in 1900, before the 
BBHU marshlands were dredged, ditched, and impounded, production and 
export percentages were higher. At the same time, however, the extent 
of less productive inland marsh habitat (Kirby and Gosselink 1976) was 
greater. These two forces may have balanced each other. Details of 
upland productivity in 1900 and 1995 are shown in Table III-2. In III- 
3 agricultural production is shown for 1900 and 1995.
Regional gross primary production has been declining since 1900.
The most productive and least productive systems per unit area are the 
brackish marsh and swamp aquatic areas, respectively. The greater areal 
extent of the fresh marsh causes it to have the highest regional pro­
duction, however. The decline in total regional productivity from 1900 
to 1975 is attributable mainly to the decrease in the area of fresh and 
brackish marshes. For 1995 the largest change is associated with the 
brackish marsh. Although the upland habitat makes up about 19 percent 
of the land area it only contributes about 10% of the total regional
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productivity. Agricultural and bottomland hardwood forest (BLHW) zones 
are the most productive upland units. Agricultural production increased 
through 1975 but will then decline. BLHW forest declines from 1900 
through 1995.
Other Natural Energies
In addition to energy entering the region primarily in the form of 
visible solar energy that drives photosynthesis, there are several other 
energy inputs. These energies may be considered as energy subsidies to 
the ecosystem because they reduce the cost of maintenance. They may 
take the form of the work of wind, rain, tidal, and river energy. They 
all enhance productivity by reducing the cost of internal self main­
tenance thereby increasing the amount of energy available for increased 
structure formation. For example, tidal energy subsidizes the region by 
replacing part of the metabolic energy that would be devoted to waste 
elimination, food gathering, migration, etc.
Potential energy entering the region in the form of a hydrostatic 
head of water was calculated for the Mississippi River, Bayou Lafourche, 
and rainwater. River and bayou elevations were obtained from topo­
graphic measurements on USGS maps and from R. Cunningham (USACE, New 
Orleans District). Discharge was calculated from USGS (1961) and 
Gagliano and van Beek (1970). Rainfall energy was calculated using the 
average BBHU elevation (Byrne et al. 1976) of 40 cm and a rainfall 
surplus of 51 cm (Light et al. 1973). Future energy inputs in these 
forms are assumed to remain constant. Energy associated with the hydrostatic 
head of the Mississippi River in 1900 is based on 100 percent discharge 
through the present major distributary (none down the Atchafalaya). The
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annual work associated with the Mississippi River amounted to 2.75 to 
1210 CE kcal in 1975. Bayou Lafourche and rainwater contributed con-
12siderably less in this form (0.001 and 0.005 x 10 CE kcal, respectively). 
Energies associated with the Mississippi and Bayou Lafourche were halved 
because their energy is dissipated on both banks. Some examples of the 
kind of work done for the ecosystem by these energy sources are pollu­
tant removal and dispersal (especially important for river-located 
industry) waste heat dispersal, sediment movement, and natural levee 
formation.
Another natural energy input to the region comes from the river,
the bayou, and rainfall in the form of chemical potential energy. This
energy is due to the lower concentration of dissolved materials relative
to sea water. As above, the Mississippi River dominates Bayou Lafourche
and rainwater in terms of energy input. The regional work associated
12with the Mississippi is 7.29 x 10 CE kcal/yr. As more river water is
captured by the Atchafalaya the energy input will decline. Several
types of work are done with this energy, for example mixing of water due
to density differences, cleaning, and promoting chemical reactions such
as the nutrient trap and biological processes.
Tidal energy is an important subsidy to the region. Tides carry
planktonic organisms, bring food to organisms, remove wastes, transport
sediments, maintain channels, and set up chemical gradients. Tidal
energy calculations are based on a diurnal periodicity, an ebb and flood
14 3tide, and a tidal prism volume of 1.7 x 10 cm . Volume was determined
by using the area of saline and brackish aquatic habitats (areas with
some tide) and a maximum average tide of 30 cm at the entrance to BBHU.
12Tides represent an energy input of 0.042 x 10 CE kcal annually.
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The work of wave energy is seen in the formation of the gulfward 
barrier islands. These islands protect the BBHU interior marshes from 
excessively high erosional energies, and provide high land for urban 
activities. Wave energies added to the BBHU were calculated from the 
shoreline Gulfward to the 9 m depth contour (Wright and Coleman 1973).
Winds subsidize the BBHU in much the same manner as a hydrostatic 
head of water. They aid evapotranspiration by vegetation, remove pollu­
tants, create currents in water and move sand on beaches. Power asso­
ciated with winds was calculated assuming a logarithmic wind profile and 
using an average wind speed of 447 cm/sec (B. Barrett, La. WLFC un­
published data). Winds are a substantial energy input to the region
12contributing 5.57 x 10 CE kcal annually.
There are undoubtedly several other forms of renewable energy 
inputs to the BBHU that are not considered directly in this analysis. 
Examples are the transfer of heat through the ground, the turbulent 
transfer of sensible heat, and the contribution of latent heat of 
evaporation and evapotranspiration. These energy flows are considered 
indirectly, however, when gross primary production is measured. Primary 
production is an integrated measure of plants response to a main energy 
source and other energy subsidies. Without evapotranspiration there 
would be considerably reduced levels of production. Similarly the rate 
of nutrient cycling, a cycle of which plants are an integral part, is 
related to microbial metabolism, which in turn is proportional to soil 
temperature and the energy input that maintains that temperature. It 
would be interesting to pursue the subject of energy inputs starting 
from an analysis of a heat budget rather than from primary production.
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Such a route would involve considerable data collection and is beyond 
the scope of this project.
Annual renewable energy inputs to the Barataria Basin Hydrologic 
Unit are summarized in Table III-6. To facilitate comparison, energies 
are listed in coal equivalent units using appropriate energy quality 
conversion factors (see section I). In this way diverse energies can be 
compared on the basis of their ability to do work. One-third of the 
energy input to the region comes in the form of solar radiation captured 
in photosynthesis. The energy input from the chemical potential of 
fresh water associated with the Mississippi River is of comparable 
magnitude. Including the hydrostatic head, the Mississippi represents
46.7 percent of all natural energy inputs to the BBHU. Energy asso­
ciated with rainfall, Bayou Lafourche, and tides account for less than 
1 percent (each) of the total natural energy inputs to the region. Wave 
energy along the Gulf edge of the basin accounts for more than 2 percent 
of the total. Power associated with winds is another large energy input 
of the BBHU. The greater importance of winds versus tides as energy 
inputs to the region was recognized previously by Kjerfve (1973), who 
studied water dynamics in the saltwater bays of the BBHU. He found that
winds were of greater importance than tides in driving circulation. The
12total "natural" energy input to the BBHU is 24.48 x 10 CE kcal/yr or 
3894 CE kcal’nT^'yr*"1 .
Natural energy inputs to the BBHU in 1900 and 1995 were also deter­
mined. Radiant energy captured in photosynthesis was presented in 
Tables III-4 and 5. For the other renewable energies it was assumed 
that only the energy associated with the Mississippi River changed since
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1900. The energies for 1900 were calculated assuming no discharge 
through the Atchafalaya. No changes were calculated for 1995 although 
this may not prove to be true if the Atchafalaya River continues to 
capture an ever-increasing portion of the total Mississippi River 
discharge. If the Mississippi does change course energy input to the 
basin will decrease by 50.percent. As calculated, natural energies in 
1900, 1970, 1995 are as follows: 32.79, 24.51 and 23.16 x 1012 CE
kcal/yr. Present energies are 75 percent of estimated 1900 energies 
while 1995 energies will be only 70 percent.
PURCHASED ENERGIES
In addition to natural energies the Barataria Basin Hydrologic 
Unit has fossil fuel based energies associated with the urban structure 
of man that also drive it. These energy flows take the form of govern­
ment transactions, goods and materials trading, transportation and 
mining services, and direct fuel consumption.
Fuel
Fuel production and consumption are the major purchased energy 
flows in the basin. Production of oil and natural gas began after 1900 
in the state of Louisiana. Proved reserves of crude oil reached a
9maximum of 5.7 x 10 barrels in 1970 and have declined each year since. 
The reserve to production ratio for crude implies a depletion rate of
14.8 percent per year. Maximum production was reached in 1970 for state 
regulated areas. Natural gas reserves and production data show the same 
pattern as that for crude oil. Maximum reserves and production were 
found in 1970. The depletion rate is 12.1 percent per year. From 
after 1956, an increasing greater percentage of crude and natural gas
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production has been from the federally controlled offshore zones 2, 3, 
and 4. In 1976 52 percent of crude and 50 percent of natural gas production 
for the state of Louisiana was from the offshore region. At the present
rates of depletion, oil and gas reserves in the BBHU will be reduced
9 9 12from 2.5 x 10 to 0.16 x 10 barrels of oil and from 57.5 x 10 to
122.74 x 10 cubic feet of natural gas by 1995.
Production of natural gas and crude from the BBHU was done on a 
parish basis (area weighted for percentage within basin) and includes 
the state controlled offshore Zone 1. As parish figures included 
federal offshore production basin production was arrived at by deducting 
statewide information concerning the importance of the offshore.
Production in 1900, 1960-1974 and 1995 is shown in Table III-7.
The Ozarks Report (Cole 1974) predicts that enhanced recovery 
methods will compensate for the lack of new oit, and that the present
t
decline in production will level. Onshore natural gas production is
expected to decrease at a greater rate in the future with deeper drilling
being most responsible for reserve additions.
Fuel consumption in the BBHU was calculated by summing natural
gas, gasoline, LPG and electricity useage. The following gas utilities
serve customers in the basin (Brown's Directory of North American
Gas Co. 1973):
Sugar Bowl Gas Corp., Thibodaux
Gas Service Dept., Donaldsonville
St. John the Baptist Parish Utility, Garyville
Polaris Corp., Baton Rouge
Louisiana Gas Service Co., Harvey
Delta Gas, Inc., New Orleans
Southcoast Gas Co., Raceland
Thibodaux Gas Dept., Vacherie
St. James Parish Utility, Vacherie
Requests were made personally to each company for past and present 
useage of natural gas by residential, commercial and industrial 
sectors. Only sales in the BBHU were considered. Sales by these _x._ 
companies are shown in Table III-8.
Fifty-five percent of the total gas sold by basin utility companies 
was to the residential and commercial sectors in 1976. Curing the 
years investigated, no pattern of increased industrial useage emerged. 
Some utilities sold more, some less during the past 16 years. Consump­
tion by residential and commercial sectors increased at rates varying
from 0 to 8 percent per year. Average meter consumption in these sectors 
A 3was near 1 x 10 ft per household (at 4.19 people per household).
83 percent of all gas sold was by La. Gas Service Co., which covers 
the West Bank of New Orleans area.
Most major industries in the basin do not buy from utilities but 
purchase their fuel directly from intrastate gas pipelines. The in­
ventory of Basic Environmental Data (USACOE 1975) was consulted to 
establish the names of all major industires in the basin. All com­
panies are situated along the Mississippi River (Fig. III-2). Companies 
were contacted personally to determine the name(s) of their gas 
supplier(s). The following companies were determined to be suppliers: 
Louisiana Gas Intrastate; Texaco, Inc.; and United Gas Pipeline Co.
Each company must report the disposition of the gas moving through 
their pipelines monthly to the La. Dept. Conservation. Helen Smith
of the Production Audit Section supplied all the monthly yr yearly
11 3reports of these companies for this study,. In 1976, 1.06 x 10 ft 
of natural gas were consumed by these major industries. Annual gas
consumption in 1975 for these major industrial companies, calculated
from monthly R-6 forms (La. Dept. Conservation), is listed in Table
III-9. Consumption was also calculated for 1970.
Natural gas is also used by Louisiana Power and Light Co. as a
fuel for electricity generation. Based on a heat rate of 10,200 BTU
13per KWH generated (LP&L Co., 1971 Annual Report) 5.85 x 10 BTU of
9natural gas were burned to generate 5.73 x 10 KWH electricity or
1.96 x lO^BTU. 5.85 x 10"^ BTU of natural gas is equivalent to 
10 35.85 x 10 ft of natural gas.
Total natural gas consumption in the basin in 1976 was:
10 35.85 x 1017 ft for electricity generation 31%
1.06 x 10lfJft _ for major industry 57%
2.45 x 10,, ft,, for-utility sales 12%
Total 1.86 x 10 ft
It is interesting to note that there are considerable differences in 
the dominant end uses of natural gas be'tween Louisiana, the BBHU and 
the U. S.. In Louisiana as a whole and in the BBHU roughly 60 percent 
of all gas is consumed by industry. For the U. S. only 40 percent of 
gas consumption is by industry. In the BBHU more gas is used to generate 
electricity than in Louisiana or the U. S.. More than 31 percent 
goes to electricity generation in the BBHU, 25 percent in Louisiana, 
and only 18 percent goes to electricity generation in the U.S. as a 
whole. For the rest of th U.S. the major consumer of natural gas is 
the residential-commercial sector (La. Crude Oil Facts 1977).
Electricity
Louisiana Power and Light Company is the sole distributor of elec­
tricity in the Barataria Basin. They supplied information for this
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study describing KWH sold by sector in three different years. Their 
data covered an area slightly larger than Barataria Basin. Usage in 
the basin was calculated by dividing basin population by the average 
number of people per household in each parish (LSA 1974) and determining 
the ratio between the number of households in the basin and the number 
of households serviced by LP&L. The ratio was 0.78:1. Electrical 
sales are listed in Table 111-10.
Total^electricity consumption has been increasing dramatically, 
with industry accounting for the largest increase, as well as the greatest 
total consumption. Industry consumed close to 4 billion KWH in 1976 or 
69 percent of the total amount of electricity used in Barataria Basin. 
Industrial consumption has been increasing at about 15 percent per year; 
commercial at about 12 percent; residential at about 13 percent. This
increase is not due to increasing numbers of customers alone. Whereas 
the total number of customers is increasing at about 7.45 percent per 
year, total consumption is increasing at about 14 percent per year. 
Consequently, the consumption per customer has doubled in 16 years. 
Gasoline
Gasoline sales were determined for the basin for the years 1955- 
1975 (H. R. Smith Gasoline Tax Refund Unit, La. Dept, of Revenue and 
Taxation). Information was supplied on a parish basis and was corrected 
to basin usage using an area relationship. Gasoline consumption rose 
from 50.7 x 10^ gallons/yr to 178.3 x 10^ gallaons/yr during the period 
1955-1975. Gasoline sold separately to commercial fishermen, farmers, 
and aircraft fell from 1.86 x 106 gallons in 1960 to 1.3 x 10^ gallons 
in 1975 for an annual loss rate of -2.36%. Consumption by these users
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amounted to slightly more than 1% of that consumed by the retail market. 
Liquid Petroleum Gas (LPG)
5,000 people live in scattered homes throughout Barataria Basin and 
are assumed to use LGP. Average household use of LPG and the energy 
content per gallon were obtained from Lionel Ortego (La. Liquid Petroleum 
Commission).
Total consumption = ^ooo x ■ —  y i*oo <̂x| - tyr y /o^
•f.X people .
3a '/Vr'
Total fuel consumption by sector in the BBHU for 1976 is shown in 
Table III-ll. Natural gas supplies more than 89 percent of the total 
fossil fuel energies consumed. Gasoline supplies 10 percent of all 
energy. Fossil-fuel-based energy inputs to the region were also cal­
culated for the years 1900 and 1995. The 1900 figures are based on 
total and per capita consumption in Louisiana in 1900 and 1995 figures 
are based on population projections and present per capita consumption 
rates (Cole 1974; LSA 1975; La. Office of State Planning; USDI, Bureau 
of Census 1899). With this reasoning total consumption in 1900 was 0.47x
1013 kcal (vs 5.41 x 1013 in 1975); in 1970 it was 5.0 x 1013 kcal,
13and in 1995 it will be 8.87 x 10 kcal. A presently discernible trend 
of increased energy consumption per capita was not considered in deter­
mining 1995 estimates.
An energy diagram (Fig. III-3) summarizes the balance of production 
and consumption in the BBHU for 1970. Only 15 percent of the fossil 
fuel energies produced from the basin are consumed there. The remainder 
is exported to the rest of the state and country. In fact natural gas 
is the only fuel produced in the area that is also consumed therfi. All
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crude is exported. Crude that is refined in the area (Venice) is imported 
from Texas.
Economic Energy Inputs
The remaining energy inputs that drive the BBHU concern the eco­
nomics of dollar, material, and goods flows. Table 111-12 lists these 
flows in dollar and energy units. Explanations of calculation techniques 
are found at the end of the table. Energy flows associated with the 
import and export of goods and materials are summarized in Fig. III-4.
g
Imported annually are $566 x 106 worth of retail goods and $903 x 10 of
wholesale goods. This includes cars, foods, household appliances,
drugs, etc. Wholesale goods do not include those goods that are sold
on the retail market. Raw materials used by industry are valued at
6 6 $1,040 x 10 per year. Export markets are worth $1,620.9 x 10 for
g
manufactured goods and $0.91 x 10 for agricultural goods. In balance
9 9$2.5 x 10 are paid out while 1.62 x 10 are received leaving a dollar
deficit to the region of $877 x 10^. While dollars leave the region,
12there is a net import of materials equivalent to 17.74 x 10 CE kcal
per year. I have not determined wages earned by the basin population on
the east shore of the Mississippi River.
The balance of payments to state and federal governments is 
summarized in Fig. III-4b. The BBHU receives less money from government 
than it pays in. The feedback value of government control is not known.
Outdoor recreation and tourism account for another significant 
energy input to the BBHU. Figure III-4c summarizes this energy flow 
and relates it to controlling factors. Approximately $102.0 x 10^ are 
brought into the basin per year. This energy flow is proportional to
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the adequacy of facilities (boat ramps, access roads, etc.) and the 
overall productivity of the region. An increase in either of these 
factors should result in increased dollar flow. Present facilities are 
in short supply and inadequate (SCORP 1974).
The Mississippi River is a major transportation artery serving the
United States. Two ports, New'Orleans and Baton Rouge, in the BBHU
region are the second and fourth largest in the country. Consequently
there is an enormous tonnage of material that passes along the Mississippi
River and the BBHU. Figure III-4d summarizes the port structure of the
BBHU. As the New Orleans port is approximately evenly distributed on
both sides of the river, total statistics were halved. The value of the
port to the region is in the wages paid personnel to run the port and in
the goods and materials imported to build port structure. The latter
has been accounted for above. Roughly $125 x 10^ are paid annually to
personnel who operate the port. This is new money from outside the
region. For this money, the port services 68 x 10^ tons of material
£
annually. A total of 18 x 10 tons are imported from overseas while 5.2 
x 10^ tons are exported. Along inland routes 44.7 x 10^ tons are transferred . 
At the port goods are transferred from one carrier to another or held 
for short or long term storage.
As mentioned earlier, production of oil and gas represents one of 
the major energy flows of the region. For this flow to be realized 
considerable work must be undertaken. The oil and gas producing in­
dustry work was quantified by analyzing wages paid to personnel who run 
the operation and dollar transfers for materials needed to produce 
pipelines, drilling rigs, boats, etc. Materials were included 
previously under goods and materials. Personnel services were cal-
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culated at $63 x 10^ annually (Figure IIl4e).
The last major energy flow of the region analyzed is that asso­
ciated with drainage, flood control, and navigation projects. Between 
the Louisiana State Department of Public Works and the USACOE (Army 
Corps of Engineers) roughly $25 x 10^ are spent annually in southeastern 
Louisiana. Table III13 itemizes expenditures biannually by both agen­
cies from 1944 to 1973. Levee district, police jury, and all state 
agency expenditures are lumped with Public Works expenditures. Work 
service subsidies were calculated for the four levee districts in the 
BBHU, the Mississippi River below Baton Rouge, the Atchafalaya River 
below and including Old River control structure but not below Morgan 
City, and the Mississippi RiverGulf Outlet (MRGO). Project monies were 
broken into nonnavigation and navigation categories. The former in­
cludes maintenance and construction of levees, drainage systems, locks, 
storm drains and pumps, and purchasing rights of way. Navigation 
monies go into channel dredging maintenance and construction, structures, 
and revetments and wavewash protection. From Table IH-13 it is evident 
that expenditures have been increasing through time. On the average 92 
percent of the money originates from the USACOE. More money is spent on 
the Atchafalaya River than on the Mississippi River. Without that 
expenditure the viability of the Baton Rouge and New Orleans ports would 
be threatened. Eight percent of the USACOE expenditures are on non­
navigation projects. The Corps is responsible for 51 percent of all 
such projects. In Figure III-4f the relationship of these subsidies to 
the BBHU agricultural and urban systems is shown. Through flood control 
and drainage projects the productivity and viability of agricultural and
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urban systems is enhanced. Navigation projects are important for their 
facilitation of goods and materials movement.
The total net flow of purchased energies in the BBHU amounted to 
1272.29 x 10 CE kcal in 1970. Contributions from the various sectors 
are compared in Figure I1I-5. Fuel consumption by all customers ac­
counted for 75 percent of the total energy flow. Closer inspection 
reveals that industrial consumption of natural gas represents more than 
52 percent of the total flow of purchased energies. Industry consumed 
about 75 percent of all fuel burned in the BBHU. The energy equivalent 
of imported goods and materials other than fuel accounted for another 
24 percent of the purchased energy budget. The remaining economic 
energy flows collectively represented 1 percent of the purchased 
energies of the region.
Summation of natural and purchased energies reveals the total 
energy flow into the BBHU. These energy flows are the forcing functions 
for all internal work processes of the region. Na tural energy flows 
make up 25 percent of the total work of the region when their flows are 
considered in coal equivalents. The photosynthetic energy flows con­
tribute 8 percent of the total work, while the energies associated with 
the Mississippi River make up about 10 percent of the total.
ENERGY INVESTMENT RATIO
It is useful to analyze the energy investment ratio (Odum and Odum 
1976) of this region to understand the importance of purchased and 
natural energies and to determine the relative level of development of 
the BBHU compared to the U.S. The ratio is based on the region's
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carrying capacity and can be used as an index of the competitive balance 
between purchased'energies and the renewable resource base. In 1970 the 
ratio of purchased to natural energies in the BBHU was 2.95:1. Similar 
analyses have been done previously of several regions in Florida and the 
United States as a whole.
U.S. 2.5:1 Odum and Odum 1976
Florida 2.44:1 Kemp 1977
Crystal River Region, Fla. 1.69:1 Kemp 1977
Brevard County, Fla. 2.33:1 Bayley et al. 1976
Miami, Fla. 4.0:1 Zuchetto 1975
St. Johns River Basin, Fla. 1.5:1 Bayley and Odum 1973
The ratio of the BBHU is in the upper range of values calculated else­
where. It is higher than that of the U.S. as a whole, implying that the 
area is more developed than the U.S. average. The region is less developed 
than Miami. The higher'the ratio the more developed an area is.
Regional carrying capacity is a function of the influx of driving 
energy flows. The potential maximum carrying capacity is calculated 
as the sum of the purchased and natural energy inputs when balanced 
at the optimal investment ratio (which was 2.5:1 in 1970).
The carrying capacity for man's systems in the BBHU has been 
increased by a factor of almost four by importing purchased energy. In 
Table 111-14 purchased and natural energy inputs to the BBHU are pro­
jected for 1900 and 1995. This is shown graphically in Figure III-6.
12Purchased energy increased from 5.5 x 10 CE kcal/year in 1900 to 
1272.29 x 10 CE kcal in 1970. By 1995, assuming that the Louisiana
State Planning Office growth projections are realized, purchased
12energy will amount to more than 301 x 10 CE kcal/year. The expo-
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nential nature of this growth is clearly evident in Figure III6. The 
concommittant energy investment ratio changes from 0.16:1 in 1900, to 
2.95:1 in 1970, to almost 13:1 by 1995.
While the total energy flow or carrying capacity has been increasing 
in the BBHU there has been a simultaneous decline in the natural resource 
base as seen by the declining input of natural energies. Total energy 
flow increased 152 percent between 1900 and 1970. As natural energies 
decreased 28 percent during the same period the increase in total flow 
was attributable solely to the increase of imported purchased energies.
This pattern is predicted to increase through 1995.
This methodology suggests that there is an optimum combination of 
purchased and natural energies that will lead to a region being economically 
competitive. High quality energy investment (purchased energy) is 
attracted to an area in proportion to the natural.energies available 
with which the purchased energies can interact. It is believed that the 
nationwide ratio of these two energy forms presently represents the 
desirable optimum that has proved to be competitive (Odum and Odum 1976).
For any region in a country to be competitive within the national 
context, it must have an energy investment ratio no higher than that of 
the country. This principle is believed to apply after rapid growth.
During rapid growth the system that maximizes its power flow is the 
most competitive and once an area is ahead in growth it has a competitive 
edge over other areas.
The BBHU has been increasing its carrying capacity and has re­
mained a competitively viable area (Table 111-14 and Figure III-6)..
However by 1970 the investment ratio was greater than 2.5, meaning that
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the potential maximum carrying capacity of the region had been exceeded. 
With current growth projections the investment ratio will be around 13:1 
by.1995. The pattern portrayed suggests that the region is already over 
developed and will be much more so in the future. Growth in the U.S. 
has not been increasing at as high a rate as in the past; therefore, 
we conclude that rapid growth is past. It follows that the BBHU may not 
compete well economically in the future due to insufficient natural 
energies to match or contribute to regional work. The larger the 
natural energy input is, the lower the output price of goods can be and 
therefore the more likely the system is to capture the market.
The source of future purchased energy inputs to the BBHU is pre­
sently in question. Fuel consumption is projected to increase 4x, 
while fuel production in the area will decrease 62 percent. In fact, 
while there was a production surplus in 1970 there will be a substantial 
fuel dearth by 1995. The region will be consuming more than it produces 
and will then be in the same position as the rest if the U.S.: it will 
be an oil importing region. As production decreases the tax and wage 
dollars generated will also decline and further decrease the purchased 
energy base.
When the carrying capacity of an area is exceeded, there is in­
variably a decline in natural energy inputs. This is evidenced in the 
BBHU and was also shown to occur in Miami (Zuchetto 19751 and the 
Atchafalaya River Basin (Young et al. 1974). When the natural energies 
decrease fewer useful products are produced and waste recycling is 
diminished. With less input from the natural sector there is a diver­
sion of high quality purchased energy from productive uses to offset
damages (e.g., restoring clean air and health). Technological means often 
replace what can be performed by nature free. When high quality energy 
is diverted from productive processes, the cost of output is increased. 
This is why over developed areas incur higher costs and lose their 
competitive advantage.
For the BBHU the implications of an increasing investment ratio are 
1) the area is over developed, 2) natural renewable resources will 
continue to decline, 3) quality of life will decrease (from increased 
air and water pollution, etc.), 4) the economic competitive advantage 
will be lost. As more fuels and technology are applied in the BBHU 
there is increased disruption of natural systems as they are replaced 
for agricultural.and urban activities. By so doing, the energy con­
tribution of the natural systems is reduced, and man’s system then 
depends even more heavily on imported energy sources. With uncertain 
future energy sources (fossil fuel), possible fuel energy decreases, 
and increasingly more expensive fossil fuels, the pattern of natural 
energy destruction is absurd. Instead of jeopardizing the natural 
resource base every effort should be expended to protect it so that 
the natural system can continue to perform its various life support 
functions free. The optimal investment ratio will decrease in the 
future as available energies for purchasing decline. This means that 
for an area to remain competitive in the future, contributions from 
natural energies will increase in importance.
For the most part, the value and contribution of natural energies 
to the BBHU have been overlooked in the course of industrialization and 
urbanization. As natural energies decline in the region, how are such
things as commercial fisheries, air and water quality, and human health 
effected? In the next sections, these questions will be investigated 
with respect to a decrease in the natural resource base.





























i (a x c) 
Total available 
energy In water 
(Kcal x 101*)
Swamp 9.795 15.6 162* 22,149* 9,630 9.43 21.70 2-10k 0.47
Swamp aquatic^ .220 .3 4.3d 2,502d l,652b 0.036 0.05 100 0.04
Fresh marsh 8.779 14.0 1.8* 48,528* 19,404 17.03 42.60 8 1.36
Fresh aquatic 6.724 10.7 9.3* 9,252g 6,110 4.11 6.22 100 4.11
Brackish marsh 5.504 8.8 3.6* 70,308* 28,123 15.48 38.7 13 2.01
Brackish aquatic 4.826 7.7 7.7*’ h 5,130*’ h 3,386 1.63 2.48 100 1.63
Saline marsh 6.336 10.1 ' 2.7*' f 47,947*’ f 19,170 12.15 30.38 30 3.64
Saline aquatic 8.214 13.1 3.8h’ 1 6,673h’ 1 4,407 3.62 5.48 100 3.62
Upland 12.235 19.8 H.A. 12,99BJ 8,578 10.69 16.20 0 0
Total 628.619 100 77.18 163.81 16.88
Kota: c - atending crop calculated by multiplying Chi A by 30 (Strickland. 1960) 9 kcal/gC (E. P. Odum, 1971). 
b - 661 of C.P. - Hopklnson and Day, 1977).
N.A. - Not available, 
a - After Conner and Day (1976). 
d - After Butler (1975). 
e “ After Hopklnson et al. (1979). 
f - After Kirby and Gossellnk (1976). 
g - After Hopklnson and Day (1979). 
h - After Allen (1975).
1 - After Day, Smith, Vagner, Stowe (1973). 
j - See Table 1II-2..
k - After Cossellnk et al (1978) and this study 
*Cross primary production.
**Net primary production.
Table III-2. Productivity of various land use categories in the upland area of Barataria Basin
Habitat Area (ha) GPP(kcal•m“2.yr“^)
Regional productivity 
(kcalc 10l2.yr-l)
BLHW Foresth 1975 236150 25092e 5.94
1995 13912 II 3.50
1900 23680** II 5.94
Industrial 1975 1767 2790f 0.05
1995 7730 II 0.22
1900 652 II 0.02
Residential 1975 4819b 2790f 0.13
1995 10634 11 0.30
1900 1666 II 0.05
Commercial 1975 4819b 2790f 0.13
1995 10634 11 0.30
1900 1666 11 0.05
Agricultural 1975 61478 13746S 8.45
1995 49036 II 6.74
1900 53957 5223 2.82
Other 1975 16664 9083° 1.51
1995 13370 11 1.21
1900 14625d II 1.33 .
Total 1975 124634 12998 16.20
1995 134727 9130 12.30
1900 96246 10598 10.20
Note: a - Assume constant from 1900-1975.
b - Assume 50% of area non-vegetated
c - Assume 50% as productive as unimproved pasture: 672 g/m^ x 3 s 2018 g/m^/yr ■» 1000
gC/m^/yr = 9003 kcal/m^/yr. 
d - Assume same percentage of agriculture as in 1975. 
e - Conner and Day, 1976.
f - Bayley and Odum, 1973.
g - See Table III-3. 
h - Bottomland hardwood forest.
Table 111-3. Agricultural Production - Summary
Production
(#/acra)




















900 g/a* (above ground only)
5 - 450 gC (E. P. Odun, 1971)
3 - 1350 gC/a2/yr
(above and below) (E. P. Odua, 1971)
- 9990 kcal/m2/yr (net) (8. P. Odua, 1971)
- 15985 kcal/a /yr
(groae) (E. P. Odua, 1971)
(2) Sugarcane 35200
(3) Soybeans 6070





Average production of all agriculture (Area wslghted with fallow 
Included)
1161 gC/a2/yr (Net)
• 13746 kcal/m2/yr (Cross)
1995 Production estimated by assuming same cropland-pastura ratios as In 
1975. Production per unit area multiplied by projected total agricultural 
area as In Table II1-2.
C. 1900 Production - areas of pasture
areas of cropland (with 
crop breakdown)
Total farmland 53957 ha






Sugarcane 14 tons/acre: 27 tons/acre
Rice 1016#/acra: 1980f/acre
Corn 14.8 bu/acra: 34 bu/acre
Average (area weighted)37Z of present cropland 
production
Census Reports (Vol VI) 
Agriculture Xllth 
Census of the U.S. 1899
Fielder, L. and 
C. Parker, 1972.
Louisiana Crop Statistics, 
through 1970. DAE Res. 
Report No. 436. LSU 
Ag. Exp. Sta.
Pastura production (Aasuae aaaa as todays unlaprovad pasture) - Cross production 
11949 kcal/m2/yr * 6395 ha * 10000 m2/ha - 7.64 x 1011kcal/yr
Cropland Production
1975 - 29996 #/acre * 21456 ha planted/36600 ha cropland * 
17584 #/acre average production (Includes fallow)
* .37 (1900 production only 37Z of present levels) “ 
6506 I/acre - 4319 kcal/a2/yr (gross production)
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I (U x C) 
Total available 
energy In vatar 
(Kcal x lO*2)
Svanp 14.98 20.8 162 22.149 9,630 14.43 33.18 2-10 0.87
Svanp aquatic 0.1451 0.2 4.3 2,502 1,652 0.02 0.036 100 0.02
Freab marsh 17.61 25.3 1.8 48,528 19,404 34.17 85.46 8 2.73
Freah aquatic 2.63 3.8 9.3 9,252 6,110 1.61 2.43 100 1.61
Brackish marsh 9.7337 15.4 3.6 70,308 28,123 27.37 68.44 13 3.56
Brackish aquatic 1.7177 2.7 7.7 5,130 3,386 0.58 0.88 100 0.58
Saline marsh 7.7063 12.2 2.7 47,947 19,170 14.77 36.95 30 4.43
Saline aquatic 7.4041 11.7 3.8 6,673 4,407 3.26 4.94 100 3.26
Upland 9.62 10,603 6,627 6.38 10.2
Total 102.59 230.53 17.06
U>





























1 (B x C) 
Total available 
energy In water 
(Real x lo” )
Swamp 7.698 12.3 162 22,149 9,630 7.41 17.05 2-10 0.37
Swamp aquatic 1.757 2.8 4.3 2,502 1,652 0.29 0.44 100 0.29
Fresh marsh 7.703 12.3 1.8 48,528 19,404 14.95 37.38 8 1.20
Freah aquatic 7.333 11.7 9.3 9,252 6,110 4.48 6.78 100 ' 4.48
Bracklah marsh 6.092 6.5 3.6 70,308 28,123 11.51 28.77 13 1.50
Brackish aquatic 6.148 9.8 7.7 5,130 3,386 2.08 3.15 100 2.08
Saline marsh 5.322 8.5 2.7 47,947 19,170 10.20 25.52 30 3.06
Saline aquatic 9.228 14.7 3.8 6,673 6,407 4.07 6.16 100 4.07
Upland 13.473 21.5 9,130 5,706 7.69 12.30 0 0
Total 62.69 137.55 17.05
Table III-6. Annual renewable energy inputs to the BBHU (present).
Energy input Area Annual work(ha)_____(kcal/ha/yr)
Energy quality 
factor










Mississippi River (d) 628619
Bayou Lafourche (e) 628619
Rain (f) 628619
Chemical free energy
Mississippi River (g) 628619





4.4 x 10* 
7.83 x 10!
2.58 x 106 
1.39 x 103 
4.7 x 103
3.74 x 106 










0.042 x 1012 
0.590 x 1012




7.29 x 1013 
0.001 x 10 , 
0.038 x 101














Total 24.48 x 1012
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Footnotes to Table III-6 .
b. Td>'f>a -
A = area of saline and brackish water
h = half tidal range
nt = number tides annually
P - H 1.025 gm*cm ^ * 980 cm*sec ^ * 1.3 x lO^cm^ * 15^cm^
* 788 per year
= 1.16 x 10^1 ergs/yr
* 2.39 x 10“H  kcal/erg
= 2.77 x 10^® kcal/yr o
A * h = Q (discharge) = 1.95 x 10 cm /12 hrs
from Taylor, G. I. 1919. Tidal friction in the Irish Sea. Philos.
Trans. Roy. Soc. Lon. Ser. A 220: 1-93.
O n r
P = h p g  DHL V sin 0 COS 
D = depth
H = half tidal range 
L = width 
V = velocity
0 = angle between current and section (assume 0)
T^ = time of maximum V
TQ = time of high water
T = diurnal tide period 
2ttcos ‘Y ’(T^-To) = 1 (Swenson, personal communication)
c. Waves - from Wright and Coleman, 1973. Variations in Morphology of Major 
River Deltas as Functions of Ocean Wave and River Discharge Regimes.
Am. Assoc. Pet. Geol. Bull., 57(2):370-398.
P/ft = 1/8 pgH^Cg
nearshore = U,UJU rc*iDS/rc/sec -
PQni “ 182.1 ft*lbs/ft/sec30' contour _
Coastline = 2.65 x 10_ ft
8.1 x 10 kcal/yr
= 4.92 x lO^1 kcal/yrnearshore 30’ contour
For shallow water (0<h/A<..05) Cg = V and V = (gh)
P °*030 ft lbs ft = 306 kcal/yr
~ , . =  = 1.86 x 10° kcal/yr
Hydrostatic Head 
P = pgAh Q
h = change in head 
Q = volume of water per unit time
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d. Mississippi River - see hydrostatic equation -7 ~ ,
P = 1.025 gm*cm“3 * 980 cm*see- * 335 cm * 4.126 x 10 cm yr
* = 2.3 x 10-11 kcal/erg
= 3.3 x 10^2 kcal/yr ^
* h. river in basin = 1.7 x 10 kcal/yr
For 1890 full river discharge was down Mississippi 
P = 2.3 x 1012 kcal/yr 
For 1995 - assume same as 1970
e. Bayou Lafourche - see hydrostatic equation „
P = 1 . 0 2 5  gm*cm“3 * 9 8 0  c m * s e c “ 2  * 335  Cm * 7 . 0 8  x 1 0  cm /sec
Q from 
= 5.89 x 10® kcal/yr 
1890 P = 4.7 x 109 kcal/yr 
Q = 5.66 x lO^cnrVsec from
f. Rainwater = see hydrostatic equation
Ah = 39.6 cm - average water level in area 1 center of Barataria
Basin, from Byrne et al., 1976.
= rainfall surplus = 50.8 cm from - Light et al., 1973 
Q = 3.19 x 109m3 *yr_1
P = 2.96 x 10^ kcal*yr ^
Chemical free energy of mixing salt water and fresh water 
AG = nRT ln(C^/C2) = Cal. gram--*- solute introduced
n = 1/molecular weight = 1/35 mole*gram ^
R = gas constant = 1.99 cal.°K”l*mole“l 
T = Average annual water temperature = 66.4°F
T° from Light et al., 1973 = 292.1°K
C1 = Rainwater delta concentration of dissolved solutes 
= 15 ppm (Browder, J. et al., 1977. South Florida:
Seeking a balance of man and nature. Division 
of State Planning, Florida Department of 
Administration).
Chemical potential energy calculations for Mississippi River and 
Bayour Lafourche.
AG = nRT ln(C^/C2) = cal/gram solute
C^ = 120 ppm
AG = 1/35 moles*gram ^ x 1.99 cal*°K ^*mole ^ x 292.1°K x In (120/35000) 
= 94.2 cal• gram”-*- solute
11 3 -1g. Mississippi River (Present flow rate) = 4.126 x 10 m *yr
kcal'yr”1 = 94.2 cal'gram"1 x 4.126 x 101;Lm3 *yr-:L x 120 gram*m“3x
= 4.70 x 1012 * .5 = 2.35 x 1012 (considering half
the river)
Mississippi River (1890) = 5.89 x 10^m^*yr ^
-1 -1 11 3 -1 -3kcal«yr = 94.2 cal*gram x 5.89 x 10 m «yr x 120 grams*m x
10-3kcal • cal” -̂ . „
= 6.66 x 1012 * .5 = 3.33 x 101Z
8 3 “1Bayou Lafourche (Present flow rate) = 2.23 x 10 m *yr
—1 —1 8 3 —1 —3kcal*yr = 94.2 cal*gram x 2.23 x 10 m *yr x 120 grams*m x
10-3kcal•gal” „
= 2.52 x 109 * .5 = 12.6 x 10°
kcal*ha ̂*yr ^ = 2.52 x 10^kcal*yr ^ 4- 628619 ha
= 4.01 x 103 * .5 = 2.0 x 103
Bayou Lafourche (1890) = 1.786 x 10^m^*yr ^
kcal*yr ^ = 94.2 cal*gram ^ x 1.786 x 10^m^*yr ^ x 120 gram*m ^ x
10”3kcal•cal-^
= 2.02 x 1010
kcal'ha ^•yr ^ = 2.02 x 10^kcal*yr 4- 628619 ha
= 3.21 x 10*
Rainfall = 15 ppm
AG = 1/35 mole’gram ^ x 1.99 cal*°K ^*mole ^ x 292.1°K x ln(15/35000)
= -128.8 cal*gram”l solute
Annual Rainfall = 9.1 x 10^m^*yr ^ 3 -l -3
kcal*yr”^ = 135.5 cal*gram“^ x 9.1 x 10^m *yr x 10 gram*m x 
10_3kcal* cal"l 
= 1.23 x 1010
kcal*ha ^*yr ^ = 1.23 x 10^kcal*yr ^ 4- 628619 ha = 1.96 x 10^
Wind „
P = h p  A V \ ( l / z )
A = area
Kjjj = coefficient of eddy diffusivity
= K U* Z from Munn, R. E. 1966. Descriptive micrometeorology. 
Academic Press. New York, p 59.
K = von Karmon constant = 0. 4  
U* = frictional velocity 
U 2(g£) = coefficient of drag assume logarithmic T and wind profile
z _3Cjj = (2 to 4) x 10 from Hsu, S. A. 1974. Experimental results of 
the drag coefficient estimation for air-sea interfares. Boundary 
-Layer Met 6 : 505-507.
^  = /CZ = 0.055 
uz
= 0.9 x 10^cm^/sec 
P = h pAV2 (0.4 * 0.005 * Uz * Z)l/z 
V = 447 cm/sec
P = 0.011 
= 7.4 x 
= 5.6 x
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* 1.2 x 10 ^ * 6.28 x lO^cm^ * (447 cm/sec)^
10^  ergs/sec 
10^  kcal/yr
Table III- 7. Crude oil and natural gaa production facta for Baratarla Basin hydrologic unit.
Tear













1900 0 0 0 0 0 0
1960 10 60.17 20 8 153.8 6
1963 35 77.76 23 16 199.6 7
1966 40 96.32 24 20 277.3 8
1970 48 110.8 23 30 314.5 7
1974 52 76.90 21 so 294.7 9
19953 — 55.00 — — 89 —
Obtained froa Louisiana Dept. Conservation - Oil and Cas Annual Reports and froa J. Aldridge (La. Dept. Cons.) 
^Includes casing head and condensate.
^Excluding offshore zones 2, 3, and 4.
3Cole, Ned. 1974. La. energy study. The Ozarks Regional Cosalsslon. Rept. to State of La. Contr. lTA-74-11. 
pp. 124.
Table 111- 8. Natural gas consumption by aector In the BBHU (ft3)
UTILITY COMPANY SALES
Year. Residential Cotmerclal Industrial Total
St. Janes Pariah Utility 1976 2094 (a) 0 1
241.667.000(b) 0 235,801,000 477,468,000
1965 1634 0 . 0
10,338,000 0 0 10,338,000
Gaa Service Departnent 1976 NA NA 0
180,370,000 20,041,000 0 200,041,000




St. John the Baptist 1976 872(c) 1







Delta Gas Company 1976 3188 236 7
210,232,000 84,936,000 2,001,972,000 2,297,140,000
1971 2900 250 7
NA NA NA NA
Thlbodaux Cas Department 1976 419 50 .1 ‘
30,509,500 13,882,400 2,075,300 46,467,000
1971 449 7 NA NA
80,138,000 46,952.000 NA NA
Southcoast Gas Company 1976 4104(c) 0
349,928,000 0 349,928,000
Louisiana Gas Service Company 1976 19,475 6817 157
9,071,373,000 2,751,514,000 8,715,240,000 20,537,000,000
Sugarboul Gas Corporation 1976 1750 0 0
150,000,000 0 0 150,000,000
TOTAL 1976 1.35 x 1010ft3(c) 1.17 x 1010ft3 2.52 X 1010ft3
«
(a) Number of customers, (b) Volume of gas NA ■ Not Available, (c) Xnlcudes residential and conaerclal sectors. 
Mote- 1  V.CP - 1  X  1 0 3  ft 3 ;  1  x 1 0 1 0  ft3 - 1 0 , 0 0 0 , 0 0 0  MC7
Table III- 9. Natural gaa usage by Industries buying directly fron najor pipelines obtained froo La. Dept, of Conservation monthly R-6 forma. (1975)
Company ,. * Gas obtained (MCF)( A ) > C A A H C Jan. Fab. Mar. Apr. Kay June July Aug. Sept. Oct. Nov. Dec. Total
Central Farmers T (F) 1390179 1184107 1404753 1359361 1391273 1210395 1315128 1241394 912832 1275192 1176483 1313784 15,174,881
Gulf Oil Corp. I (F) 482794 442993 484899 524092 535002 456001 205410 481419 405538 399757 398793 424941 5,241,639
Central Farmara 2nd Fit. I (F) 1140023 1059861 1299439 1250168 1280947 788616 746454 1297970 1182143 1323534 1301750 1005182 13,676,087
Triad Chemical T (F) 1389207 1290616 1200574 1348659 1351120 1333739 1365998 938440 1170388 1294*699 1186719 1187086 15,057,245
Melamine Chemical T (F) 105949 90043 95847 94598 98319 109870 109184 74519 88169 102697 99337 90352 1,158,884
Freeport Chemical Corp. T (F) 163903 170323 149332 148150 166771 118180 148463 152093 178324 156962 165784 139519 1,857,804
American Cyanamid Co. T (P) 1739865 1616042 1601026 1399070 1686386 1627235 1705404 1740199 1714413 1729886 1502385 1745146 19,807,057
Booker Chemical Corp. T (P) 139910 159857 150340 151126 142864 121335 154839 137777 141909 130988 149630 126920 1,707,495
Monsanto Co. T (P) 2012979 1849994 1961281 1904181 1953058 1539982 1757267 1633841 1856537 1648291 2063318 2375057 22,555,786
Onion Carbide Corp. T (P) 516113 486528 541875 671912 748501 491433 597460 574214 497166 485890 501110 408089 6,520,291
Argus Chemical T (P) 24350 18724 22117 10410 9169 5635 469 5179 3593 4911 4974 9001 118,532
C.F. Industries L 3,249,126
Crand total - 106,124,827 MCF 
1 0 . 6  x 1 0 1 0  ft3
*T(F) ” Texaco, Inc. Pipeline (Floodvay Caa Processing Plant); T(P) “ Texaco Inc. Pipeline (Paradis Cas Processing Plang); L - Louisiana Cas Intrastate 
Corporation. 1 MCF - 1 x 103 ft3
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1976 98,000 9,420 1,750
1.25 x 109 5.05 x 108 3.97 x 109 5730 x 106
1970 77,600 7,480 1,180
7.53 x 105 3.02 x 105 1.84 x 109 2.8 x 106
1960 49,200 4,970 650
1.59 x 105 7.38 x 104 3.78 x 108 0.6 x 106
a - // of customers 
b - total KWH sold
Table 111-11. Total fuel consunptlon In Baratarla unit (1976).
Electricity Residential 1.25 x 109 kvh x 660 kcal/kwh - 1.073 x 1012 kcal/yr 
Connerclal 5.03 x 108 kwh x 860 - 4.30 x 1011 kcal/yr
Industrial 3.97 x 109 kwh x 860 - 3.41 x 1012 kcal/yr
Total 5.73 x 109 kvh - 4.93 x 1022 kcal/yr
Natural gas
Electricity generation 5.85 x 1010ft3 x 1000 BTU/ft3 ‘23!^al- 1.46 x 1013 kcal/yr
Hajor industry 1.06 x 1022ft3 - 2.76 x 1023
Utility sales 2.457 x 1010ft3 - 6.14 x 1012
Total 1.86 X 1022ft3 “ x 1023 kcal/yr
Casollne
Nonfarn 1.78 x 108 gal x 3.2 x 10* kcal/&l" 5.7 x 1022 kcal/yr
Fara, aircraft, fishing 1.3 x 108 gal - 4.16 x 1028
5.74 x 1022 kcal/yr
U C  7.16 x 105 gal/yr x 98 x 103 BTU/gal x .25 kcal/BTU - 1.75 x 1020 kcal
Total 5.41 x 1023 kcal/yr
Table 111-12. Economic energy 11ova driving the Baratarla Baaln hydrologic unit (In addition 
to loaall fuels). ('+' ■ In; « out)
Name of flow Energy flow Explsnatlonfootnote$ x 1<>6 CE kca) xl0“
Goods and materials a
Industrial materials. -1040.0 +20.8 b
Wholesale and retail goods -1469.0 +29.38 c
Product urkete +1620.9 -32.42 d
Exported renewable products +0.09 -0.002 e
Taxes
Federal taxes -226.0 -4.52 f
State taxes -102.0 -2.04 8
Federal payments +38.6 + +0.77 h
State payments +13.6 -0.27 1
Tourism
Total trade +102. +2.04 3
Port services
Cost +125.0 +2.5 k
Gross Inland tonnage (44.7 x 106 tons)
Gross ocean tonnage (23.25 x 106 tons)




Total services +63.0 +1.26 m
Total 4812.0 96.25
Payments out -2837.0 +57.27
Payments In +1975.0 -38.98
Net -862.0 +18.29
Footnotes continued on separate pages.
Footnote* from Table 111-12.
*Gooda and Materials: Assume all retail aales are of externally produced goods
(total retail sales - payroll - 10Z profit " good laported - 55.66 x 108
(U.S.D.O.C. Bureau of Census, 1972 Census of Retail Trade. WC76-A-19, WC72(3)
19, WC72-A-19). Major manufacturing comprises sugar, chemicals, food products, 
transportation equipment. Must deduct fuel accounted for earlier In Section III 
• and locally produced agricultural stock. Records unavallsble for Plaquemines 
and St. Charles Parishes. Assume former similar to Lafourche and latter similar 
to St. John. Total material coat - $1097.9 x 10® (USD6C, 1972). Sugar Coat - 8.9 
x 10s tons sugarcane “ 1.79 x 109 f * 12.00/ton ” $1.07 x 107 (see later part of 
Section III). Material cost balance - $1.0872 x 109. Deduct natural gas used for 
heat, power, electricity. Large Industry used 1.06 x 1011 ft7 (as before) t 
$22.3 x 10^/102.8 x 109 ft3 (OSDOC, 1972) - $2.3 x 107. Cas from utility - 1.17 x 
1010 ft3 (as before) -f cost “ $2.54 x 10®. Electricity 3 x 109 kwh (as before) * 
$77.94 x 10&/1.04 x 1010 kvh (GSU, 1972, Annual Report) - $2,224 x 107.
^Material coat balance - $1.08 x 109 -($2.3 x 107 + $2.54 x 10s + $2.22 x 107) -
$1.04 x 109 - Goods value Imported. *20,000 CE kcal/$ (Kemp, 1977) " 20.8 x 1012
CE kcal/yr.
cUholesale sales - subtract retail sales (which represents wholesale sales to 
retailers) balance minus wholesale payroll minus 10Z profit Is wholesale 
Importation of goods (assumes all goods froa outside region) $1.7 x 109 (sales) - 
$78.3 x 106 (payroll) • 0.9 (profit) - 1.47 x 109 - 5.66 x 10° (retail) • $9.03 
x 108 Import of goods for wholesale retail goods Imported " $5.66 x 10° (USDOC, 
1972). Assumes all food eaten In area la froa outalda area and that all retail 
trade Is of Imported goods.
dProducts exported - $1.6209 x 109 (USDOC, 1972).
eFarm products exported with exception of sugarcane which la Included In (d).
Farm cost - $2.47 x 107 - labor, fuel, goods, services (see Agriculture) total 
production -(CP) 8.45 x 1012 kcal/yr - market value - $11.61 x 106 - 1.07 x 
107 (sugarcane) - $0.91 x 106.
^Personal, corporate, private, and company Income taxes and exdae taxes paid in 
the BBHU to the federal government - $2.24 x 10s. Calculations based on total 
federal taxes paid from Louisiana ($3,958 x 109) tlmea the percentage of total 
Individual Income tax paid by BBHU (148 x 106/2590 x 106) (LSA, 1974, USDC,
County Government Finances In 1972-73, Bureau of the Census).
^Severance tax $3.46 x 107; sales tax $2.70 x 107; state property taxes - 2.05 
x 106; Income tax -$15.1 x 106 (based on state total and percent of atates
population living In BBHU); other -$22.7 x 10® (as above). Sources - La. Dept.
Revenue, Annual Report 1974; La. Tax Coomlsslon, 15th Biennial Report;
U.S.D.C., Bureau of Census, State Government Finances, LSA, 1974.
^Excluding social security payments - payments to Louisiana State and residents - 
$4.83 x 10®/yr. Basin portion determined by per capita multiplier. Sources - LSA, 
1974; USDC, Bureau of Census, County Government Finances - 1972-73. USDC, Bureau 
of Census, State Government Finances, 1973). Social Security payments slso 
calculated using per capita multiplier.
*Per capita multiplier. Total state payments - 1.7 x 10®. LSA, 1974.
^Source - State of Louisiana Outdoor Recreation Plan (SCORP) 1974. Mileage driven 
to recreational destination determined. This allowed determination of percent 
of recreational users driving over 50 miles one way to reach destination. 
Approximately 40Z of all outdoor participants drive over 50 miles. Assume all 
such trips originate outBlde area. Avarage spent per user day “ $6 (Grimes 
and plnkey, 1976; Pope et al. 1973). User days per year for people driving over 
' 50 miles - 16,970,876 days 8 56/day - $102.0 x 106.
^Port value - $7 x 10® to city as taxes and $20 x 10® to state as taxes. These 
taxeu were considered In tax section $250 x 10® In port related Income or about 
$1 x 106/vorklng day. Total tonnage 36 x 10® tona annually. Sources - USDOC, 
Waterborne Commerce of the U.S., 1973. Port of New Orleans, Annuls Directory, 
1974. Tonnage expected to double by 1995. Above figures halved to Include only 
BBHU portion of port.
^State and federal expenditures average $50 x 10® blannually In Southeastern 
Louisiana. Use one-half this value as subsidy to BBHU alone. Source - Dept, 
of Public Works, Biannual Reports, 1944-1973.
nMinlng and fuel production services - payroll paid to employees Involved In 
sdnlng by parish (area weighted) $6.3 x 107. Sources - USDOC, County Buslnesa 
Patterns, 1972. Unavailable figures for Assumption, St. James, and St. John 
estimated by assuming Assumption slmilsr to Ascension and the others similar 
to St. Charles (area weighted).
Table I I I * ] ) .  Flood c o n tro l and naviga tion  p ro je c t aonjes epant In  the B e ra ta rla  reg ion . Won-navlgatlon p ro ja c ta  Include cons truc tion  and
aalntenanee o f levees and drainage systems, e tc . nav igation  p ro ja c ta  lnelude lo cks , channel dredging, e tc . The aoncy Included 
under Atchafalays includea nav iga tion  end non*navlgatlon expenditures.
44-45 46-47 48-49 50-51 52-53 54-55 56-57 58-56 60-61 62-63 64-65 66-67 68-69 70-71 72-73
Non-USACE Monies 
USACE aonles

































4,570,135 6,563,763 6,936,448 7,246,877 12,151,084 11,716,430
B era ta rls  Waterway — — — — — — — 1,054,709 297,789 270,305 634,491 314,667 1,949,638
C u lf In traceaa ta l Waterway — 227,497 2,685.430 1,468.279 2,638,697 507,682 2,482,429 601,662 404,783 453,278 498.952 929.190 388,938 376,333
M iss iss ip p i River — 33,902 2.043,175 1,513,059 610,762 2,128.619 3,273,949 2,461,677 7,894,270 6,790,688 7,506,924 6,469,252 8,319,987 8,021,765 13,334,408
MRCO ----- - — — — — 4,711,513 15.502,322 15.660,464 22,212,426 12.071,783 4,699,645 9,873,223 4,377,810
Other - — 725,309 379,000 35,555 68,668 48,803 — — 431,627 76,061 714,794 — 337,474
A tchsfe lsys 9.094.246 17,195,773 20,922,996 16,755,207 14,916,729 9,878,966 21,870,232 27,838,205 32,356,006 36,938,105 21,585,953 28,774,369 13,923,677 13,696,073 17,418,161
USACE Tota l 10.046.514 19.615.831 26.206.581 21.839,534 20.703.292 13.104.836 26.810.347 46.895.386 59.044.944 63.140.216 56.133.116 51.750.278 35.765.438 41.740.321 45.644.924




Table III-14 % Temporal pattern of driving energy flows of the Barataria 
Basin hydrologic unit.
Energy source
Energy input by year 
(CE kcal x 10l2/yr) 
1900 1970 1995
Fuel production3 0 372.5 140.4
Purchased energy
Fuel consumption^ 3.73 54.0 204.0
Other subsidies 1.77 18.29 .97.05
Natural energy
Regional primary production^ 11.53 8.19 6.87
Tidese 0.042 0.042 0.042
Wavese 0.590 0.590 0.590
Hydrostatic head
Mississippi River^ 3.93 2.75 2.75
Bayou Lafourchee 0.001 0.001 0.001
Rainwatere 0.005 0.005 0.005
Chemical free energy
Mississippi River 10.32 7.29 7.29
Bayou Lafourchee 0.001 0.001 0.001
Rainwatere 0.038 0.038 0.038
WindS 6.37 5.60 5.59
Total purchased energies 5.5 72.69 301.05
Total natural energies 32.79 24.51 23.18
Total input energies 38.29 96.80 324.23
Ratio purchased: Natural 0.16:1 2.95:1 12.99:1
Production 1900 - 0 — before petroleum discovery in Louisiana.
1975 - See Table III-7.
1995 - See Table III-7 and Cole et al. (1974).
^Fuel consumption - 1975 —  See Table III-ll.
1900 —  Based on per capita energy use in 1900 (Cole
et al. 1974) and past population (USDI, Bureau
of the Census, 1899.
1995 —  projected per capita energy use (Cole et al. 
1974) and population (SCORP).
cOther subsidies include Good and Materials, Tax Payments Balance, Tourism
and Recreation, Mining Services, Port Services, Drainage and Navigation
subsidies. Extrapolations based on the past and future energy use to 
present energy use ratio and 1970 values. See Table 111-12.
dSee Tables II-l, 4, and 5.
eAssume constant with time (See Table III-6).
^ 1900 value based on no Atchafalaya-Mississippi River connection.
8 Based on changing area of BBHU through time (See Table III-l, 4, 5 and 6)
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TIME I years I
1
THE RELATION BETWEEN ENVIRONMENTAL DEGRADATION 
AND AN INBALANCED INVESTMENT RATIO
In 1970 the ratio of purchased to natural energies was beyond the 
value suggested by Odum (Odum and Odum 1976) to be economically optimum 
for regions in the U.S. Based on projections of economic development, 
in the BBHU, the inbalance of the two forms of energy will increase in 
the future. At the same time, the natural environment will continue to 
decline in quality. This section demonstrates that with environmental 
information currently available, environmental quality has been de­
clining. I relate the decline to the high, inbalanced use of purchased 
energies by showing that the environmental decline is due to the urbani­
zation and industrialization that has occurred in the region. This section 
documents the connection between an overextended investment ratio and 
environmental stress and decline.
WATER QUALITY
Three aspects of water quality degradation are experienced in the 
Barataria Basin Hydrologic Unit: 1) eutrophication of basin water
bodies, 2) Mississippi River pollution, and 3) salinity intrusion.
Eutrophication of interior basin waterbodies has been documented by 
several sources (Seaton 1979). Eutrophication has caused formerly 
clear, coffee-colored, freshwater lakes (Lantz 1970). to become green, 
turbid and odoriferous (Butler 19.75). Game fish populations have 
changed to catfish and gizzard shad populations (Lantz 197Q). Oyster 
ground closures increased 730 percent in 10 years due to unacceptably 




(LASCC 1974). Fish kills are common occurrences in the upper freshwater 
reaches of the BBHU. Eighty-nine percent of the kills have been attri­
butable to agricultural pesticide runoff, 4 percent to chemicals, and 2 
percent to sewage (Burke and Assoc. 1973).
Eutrophication in the BBHU is caused by several interrelated 
factors. Associated with agricultural, urban, and industrial develop­
ment of the upland habitat are increases in the expected quantity of 
nutrients (especially N and P) that run off the land surface with storm 
water (Craig and Day 1977). Not only do the nutrients increase, but the 
actual quantity of runoff water increases as the percentage of land that 
is impermeable to water ( r o a d s  etc.) increases (SWMM 1971) and as 
drainage canals and water pumping stations increase. The trophic state 
of a water body is directly related to the nutrient load that drains 
into it (Shannon and Brezonik 1972). Burke and Assoc. (1973) identified 
more than 68 points of high nutrient load surface discharge within the 
BBHU. Craig and Day (1977) and Kemp (1978) also documented high nutrient 
runoff levels from urban, agriculture, and industrial regions of the 
BBHU. The problems of increasing nutrient loading rates and increasing 
eutrophication levels are further exacerbated by high drainage densities 
in basin wetlands (Gael and Hopkinson 1979). Canal levees prevent sheet 
flow in marshes and swamps and cause storm water runoff to be shunted 
directly to receiving lakes without having nutrients removed by those 
wetlands (see section V-B).
The environmental degradation, which is evidenced in the eutro­
phication problems just mentioned, is being combatted by costly techno­
logical solutions. Burke and Assoc. (1974) estimated that a minimum
investment of $42,500,000 was necessary for municipal waste treatment 
plants of just five of the nine parishes in the basin to meet 1980 
discharge standards. Craig and Day (1977) estimated that tertiary 
treatment costs of runoff to Lac des Allemands and Lake Cataoutche would 
exceed $23,600,000 annually.
Urban and industrial discharge to the Mississippi River has been 
widely documented (Burke and Assoc. 1973, EPA 1972). The EPA has 
threatened loss of federal funds if New Orleans does not provide ade­
quate treatment of sewage. Bacterial counts- are so high on the Mississippi 
River that diversion of water into wetlands is precluded. Total dis­
solved solids discharged by industry between St. Francisville, La. and 
Luling, La. increased 600 percent between 1955 and 1969. Pelon and 
Whitman (1979) found that the mutagenic activity of river samples 
increased from St. Francisville to below New Orleans. They found an 
inverse relationship between mutagenicity and river flow, which suggests 
that effluent additions occur more or less continuously. This also 
illustrates the natural energy subsidy supplied to the region by the 
Mississippi River. As flow increases (subsidy increases) mutagenic 
effects decrease.
Increased salinity in the coastal zone is another example of the 
environmental degradation resulting from poorly planned development.
Craig and Day (1977) found salinity intrusion to reflect several factors:
(1) leveeing of the Mississippi River, (2) land loss-and inlet widening, 
and (3) canaling. Although land loss is partially a natural process, it 
is directly accelerated by man's canalization activities, and indirectly 
by increasing water level fluctuations that result from canalization.
Three ecological effects of salinity changes are changes in the position 
of 1) vegetation zones, 2) oyster producing areas, and 31 the killing of 
wetland vegetation. The latter effect then leads to increased land 
loss. Oyster producing areas are moving inland. As the oyster grounds 
approach culturally eutrophied regions they will be closed for human 
consumption (Craig and Day 1977).
AIR QUALITY
The Louisiana Offshore Terminal Authority (LOTA) documented that 
the 1975 ambient air quality in the BBHU was below primary standards for 
SO , particulates, and NO (LOTA 1976). It was estimated that 54 percent
X  X
of the total emissions were due to present industrial processes. LOTA 
is in agreement with this study concerning future growth in the basin.
The present trend of continued industrial clustering along the Mississippi 
River natural levee will continue and is in part the cause of poor 
air quality. The natural system is being overloaded locally. Air 
quality is projected to suffer appreciably in the future if high quality 
energies are not expended in developing technological solutions to man's 
overloading of the environment. The level at which the ecosystem can 
keep up with emissions has been exceeded.
HEALTH
A water and air quality problem of particular concern is the 
possible relationship between cancer and drinking water and air.
The Council on Environmental Quality (CEQ) stated that in 1975 (CEQ 
1975) 60-90 percent of all cancer was related to environmental factors 
(e.g., air and water pollutants. Raw Mississippi River water at New 
Orleans contains an array of exotic organic molecules (EPA 1972, Dowty
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and Laseter 1975). Dowty et al. (1975) found that many of these organic 
compounds were also present in the blood of New Orleans residents.
In the BBHU, recent publications document positive statistical 
relations between health and air and water quality. Page et al. (1976) 
found a significant correlation between cancer mortality and Mississippi 
River water that is used for drinking in New Orleans. This was especially 
true for urinary and gastrointestinal organ cancer for white males.
Pelon and Whitman (1979) showed that the mutagenic activity of river 
water samples increased south of Baton Rouge, indicating the effects of 
effluent discharges to the Mississippi. They also showed that water 
treatment by halogenation increased the mutagenicity of the drinking 
water. Stone and Hinchee (1979) found a significant correlation between 
cancer mortality and NO^ and CO pollutants in the air of several Louisiana 
cities. The heaviest concentrations of lung cancer in the U.S. are in 
southeastern Louisiana (i.e., the BBHU region) Manson et al. (1975).
Mason et al. also found excessively high occurrences of bladder and 
pancreas cancer. Clark et al. (1977) related agricultural pesticide 
runoff in the southeast to cancer mortality.
Cancer costs are but one of many costs associated with pollutant 
overloading of the environment. Dollar costs are difficult to quantify, 
but attention should also be paid to pollutant affects on other health 
problems, on soil erosion rates, on rusting of metal and weathering of 
wood, etc.
TIMBER PRODUCTION
Swamp forest productivity in the impounded areas of the Des Allemands 
system is 50 percent lower than in adjacent flowing water areas (Conner
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personal communication!. Optimum growth is obtained under conditions of 
slowly moving water and alternate wetting and drying (Conner and Day 
1977). Large lumber companies in the region (Bowie Lumber Company) are 
concerned about declining productivity of their forests.
The productivity decline appears to be related to side effects of 
urbanization. In particular, canalization of the wetlands has caused 
swamp forest impoundment, water stagnation, and depleted nutrient input. 
Canalization and stream channelization were necessary for urbanization 
and agricultural production on the high rain fall, low relief Mississippi 
River and Bayou Lafourche natural levees. Current research (Conner, 
personal communication) indicates that declines in forest productivity 
are due to the impoundment that results from extensive canal networks.
FISHING, HUNTING, TRAPPING, AND RECREATION
This section shows the decline of natural energies in the BBHU 
leads to decreases in the economic value and the harvest quantity of 
commercial and sports hunting, fishing, and trapping. This is done by 
using the concept of population carrying capacities on individual 
habitats (see Gosselink 1979, for methodology).
By assuming characteristic levels of production for each habitat in 
the BBHU, it is possible to demonstrate the effect that changes in the 
areal extent of all habitats have on commercial and sports hunting and 
fishing. In this manner one can consider the impacts of urban de­
velopment activities (such as wetland reclamation, salt water intrusion 
and canaling) that cause changes in land and water areas. By assuming a 
characteristic level of production, this analysis does not consider 
eutrophication impacts of upland runoff or productivity lowering impacts
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resultant from canal spoil bank impoundments.
Commercial Fish Harvest
Knowing future land use areas, it is possible to predict fish 
production values for the future.
Turner (1977) found a positive relationship between shrimp harvest, 
area of intertidal vegetation, and latitude. From this relationship, 
presented here are production and value figures for the major BBHU- 
dependent fisheries in 1995 (Table IV-1). In this analysis it is 
assumed that present harvests are at maximum sustainable yield levels. 
Evidence is available to support this contention for white shrimp, 
menhaden, seatrout, and red drum (Condrey personal communication). The 
evidence in Table IV-1 shows that due to declining production and areas 
of wetland habitat in the BBHU, potential commercial fishery harvest and 
value (based on 1976 dollars no economic changes) will decline more 
thah1'.^ percent in the 20 years from 1975 to 1995. This drop is 
almost three times greater than the decline in total natural energies 
for the same period. Oysters are an exception in this analysis because 
their production is calculated to increase as aquatic area increases. 
This does not take into account the increasing oyster ground closure 
rate mentioned previously.
Commercial Trapping
In the BBHU commercial wildlife harvest amounted to a total of 
415,150 pelts with a value of $693,803 in 1973 (NMFS 1975). Muskrat and 
nutria made up 92 percent of the harvest and 9.0 percent of the value.
In Table IV-2 the carrying capacity is shown for muskrat and nutria in 
appropriate BBHU habitats. Based on changing habitat areas presented in
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Section II and carrying capacity the total trapping harvest and value 
in the BBHU is projected to decline 27 percent by 1995. Muskrat should 
decline 22 percent and nutria 24 percent. This will represent a loss 
of $114,000 annually.
Recreation
Tourism and recreation as a source of energy input to the BBHU was • 
$102 X 10** in 1970 (Fig. III-4C). The dollar flow into the region is a 
function of biological productivity and facility availability (e.g., 
boat ramps, trails, picnic tables). Unfortunately, the flows and flow 
equations inherent in Fig. III-4C are not presently quantified. Wildlife 
oriented recreation and sports hunting and fishing information has 
been separated from the recreational value estimates of NMFS (1975).
Using again the concept of carrying capacity and land area changes, 
estimates are made for the future. NMFS (1975) calculated that the 
following man days are spent in the basin by people from outside the 
region




wildlife oriented recreation 42000
small game hunting 0
deer and turkey hunting 3600
duck hunting 13600
Assuming $10 per man day (Pope 1976) 1,154,100 man days spent in the 
basin is equivalent to a dollar flow of $11 X 10** annually. Potential
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sports fishing harvest is projected to decline 17 percent (same as 
commercial fishing) by 1995 which is equivalent to a dollar decline of 
$2,000,000 annually. Hunting declines were not evaluated.
The hunting and fishing aspect of tourism and recreation account 
for only 11 percent of the total value (NMFS 1975). Other aspects such 
as hiking, boating, picnicking, water skiing, etc. take place predomi­
nately in those areas closest to urban centers (SCORP 1971). Unfor­
tunately, that is where the greatest eutrophication is occurring (Craig 
and Day 1977; Gael and Hopkinson 1979). In the future, as the purchased 
to natural energy ratio becomes more dominated by purchased energy flow 
the imminence of recreational area closures due to pollution will 
increase. However, the economic value of the recreational areas will 
decline when the quality of the recreational activity becomes too bad.
Due to increased population density, the value of recreational areas 
will increase for some time.
SUMMARY
In spite of continuing growth and continued environmental stress 
the BBHU region has temporarily remained competitive with other regional 
markets because high quality energy has not been diverted from the pro­
duction process to maintain environmental quality. I have shown this is 
projected to lead to a continued decline in natural energies and biological 
productivity and a continued decline in the region's health and quality 
of life. As environmental standards become enforced, the costs of 
cleaning up the environment will be borne.
Table IV-1.Commercial production and value of major estuarine dependent commercial fisheries In the BBHU.
Species Present 1995Production a Value r P/Hb V/HC P d 4-1a)>
(Pounds) (Dollars)
Menhaden 430,170,000 18,070,000 2086.4 87.64 357,137,000 15,000,000
Shrimp 23,250,000 18,810,000 112.8 91.23 19,308,000 15,616,000
Croaker 5,620,000 187,000 27.3 .90 4,673,000 155,000
Blue Crab 3,140,000 436,000 15.2 2.11 2,602,000 362,000
Oysters 4,070,000 2,640,000 31.2 8 20.20? 4,797,000 g 3,113,000 g
Seatrout 1,460,000 152,000 7.1 .73 1,318,000 126,000 .
Spot 916,000 25,000 4.4 .12 753,000 21,000
Red Drum 207,000 44,000 1.0 .21 171,000 36,000
Total 468,830,000 40,360,000 85.4 203.15 390,658,000 34,427,000
a.Based on inshore harvest plus a portion of the offshore catch which is proportional to the comparative 
density of juveniles in each Louisiana hydrologic basin; 1968-1971 (Lindall et al. 1972).
b. Production divided by hectares of emergent saline, brackish and fresh marsh vegetation in BBHU in 1975.
c. Value divided by hectares as in (b).
d. Production calculated by multiplying (c) times 1995 wetland areas.
e. Value calculated by multiplying (c) times 1995 wetland areas.
f. 1975 dollars and assuming no economic changes.
g. Area includes only saline and brackish aquatic regions.
Table IV-2. Carrying capacity and prcaent and future fur lnduatry valuea. Baaed on NXFS (1975).
Felt Preaent 1995
Habitat Denaltv/1000 Hectarea Pelt Harveet and Dollar Value




































TOTAL $255,521 $368,901 $273,168 $693,803 $200,890 $320,484 $225,266 $579,306
Note: Value calculated at $1.28/muakrat pelt, $2.12/nutrla pelt, $6.58/other pelta.
Nuabere In parentheaea are number of pelta.
Future valuea aaauae no economic changea and 1975 dollara.
MANAGEMENT OPTIONS
Each increase in the carrying capacity of the BBHU through the 
use of purchased energies has led to the disruption of the natural 
ecosystem. As the natural resource base declines man's system 
becomes increasingly dependent on uncertain future supplies of pur­
chased energies.
If man recognized the value of natural energies, it would be 
possible to conserve the natural resource base by altering the way in 
which energies to a region are used. If, in the BBHU, the natural 
resource base had been conserved in the course of development, two 
different desirable scenarios could have been in effect in 1970.
First, with the 1970 level of purchased energies the investment ratio 
would be closer to the .optimal value, implying that the area would be 
economically more competitive on a national scale. Second, with higher 
natural energy inputs, purchased energy inputs could be substantially 
raised before the 2.95:1 investment ratio was reached. In the BBHU, 
if the natural energy resources had been conserved, then the carrying 
capacity level reached in 1970 could have been with reduced purchased 
energy requirements or if present purchased energy consumption 
rates were maintained, then the total carrying capacity could be 
increased without effecting the purchased:natural energy ratio.
Mostly through federal government insistence (EPA guidelines, etc.), 
the Louisiana government is finally admitting the chronic environmental 
stress that exists throughout the state. Expensive fossil-fuel based 
purchased energies are being withdrawn from productive processes to 
service the environment so that EPA-directed standards are met.
In this section analyses are made of two ways in which a better 
balance between purchased and natural energies can be obtained. In 
the first a detailed analysis of the input energy costs of modern 
agriculture in the BBHU is developed. A recommendation for crop selection 
is made based on energy inputs, digestible energy to input energy 
return ratios, and environmental stresses associated with various 
crops. In addition a comparison is made between the input energies of 
two highly productive systems —  sugarcane and salt marsh.
The last section explores ways in which upland, strom water runoff 
can be controlled to decrease lake eutrophication, increase swamp 
forest productivity, and increase drainage rates.
Analysis of Agricultural Energy Use in the 
River Delta Region of Louisiana
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Recent reports in the literature have documented the cultural 
energy subsidies that have become so integral and indispensable to 
modern agricultural systems (Pimentel et al. 1973, Heichel 1973, Da 
Silva et al. 1978). In addition to radiant energy of the sun a quantity 
of fossil fuel-based energy equivalent to 2.8 x 1 0 ^  kcal is required to 
support American agriculture (Pimentel and Terhune 1977). The energy 
inputs employed in American agriculture can be divided into two components: 
that used to replace human labor (tractors, gasoline, etc.) and that 
used to increase production per unit area (seed, fertilizer, irrigation, 
etc.). The former brings the lowest energy return per unit energy 
investment. It has been shown that between 1964 and 1970 0.14 x 10^ 
kcal put into agriculture saved 1000 kcal of labor while 0.5 x 10^ kcal 
input brought about a 1.3 x 10^ kcal increase in production (Ruttan 
1975). Clearly an impending energy crisis will have significant impact 
on food production in the U.S., and effort should be devoted to an 
analysis of optimum entergy use in agricultural systems.
The objective of this section is to examine the energy subsidies to 
agriculture in a coastal area of Louisiana. Figures are developed for 
the agricultural and industrial phases of crop production and process­
ing. Both direct energy (energy used for product manufacture as process 
heat) and material energy (goods, services, labor) inputs are taken into 
account. Environmental subsidies (rain, sun, wind, soil) are not in­
cluded, nor are federal, state, or local drainage project subsidies.
The ratio of food energy yield to input energy (Energy Return Ratio - ERR)
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is calculated. An additional objective is to compare two currently used 
procedures for energy accounting.
This study concerns crops raised in the fertile deltaic area 
situated on the natural levees of the Mississippi River and Bayou 
Lafourche. Crops included are improved and unimproved pasture, sugar­
cane, soybeans, corn, and vegetables. The analysis of vegetables represents 
a combination of tomatoes, sweet potatoes, okra, bell peppers, and 
cabbage.
Methods
Two energy accounting procedures are used to convert agricultural 
subsidies that are traditionally reported in units such as pounds 
fertilizer, quarts herbicide, hours labor, hours tractor, etc. to kcal 
units. In the first (method 1), use is made of the relationship between 
two countercurrent flows in the U.S. - money and energy. This procedure 
has been developed and used by Odum (1971), Kylstra (1974), and Gilliland 
(1975). Fivure V-Al shows the flow of energy to be in the opposite 
direction to the flow of money. The farming sector receives money for 
the produce it sells society and in return the farm buys equipment, fuel, 
and information from society to increase farm production. The average 
price or energy expended per dollar can be calculated from the ratio of 
total U.S. energy consumption to Gross National Product (GNP). In 1970 
one dollar was equivalent to 20,000 kcal (Heichel 1973). Using this 
ratio it is possible to convert an economic analysis of farm subsidies 
to one with an energetic base.
In the second energy accounting procedure (method 2), use is made 
of the energy equivalents reported in Heichel (1973) and Pimentel et al. 
(1973). The energy content of human labor is calculated from work-hour
data assuming 544 kcal of food per hour. The energy subsidy included in 
fertilizer, herbicide, insecticide, and fuel was calculated using 
quantities reported in Louisiana and the ratios of quantity to energy 
from Pimentel et al. Machinery subsidies were calculated using equip­
ment weights and Pimentel's et al. equivalents.
Crop data and yields were collected from several sources. For 
sugarcane, parish data reported in Campbell (1973) was used. Pasture 
costs were obtained from Foster and Huffman (1968) and Huffman (personal 




These calculations were based on one planting and two ration crops 
for an average net yield of 59 tons wet weight per hectare (54 metric 
tons/ha). However, one quarter of sugarcane acreage is fallow during 
any growing season. Taking this into consideration leaves annual 
production at 44 tons/ha (40.2 metric tons/ha). Production of various 
plant parts on a dry weight and energy basis is shown in Table V-Al.
The annual energy inputs to sugarcane production vary from 12.09 X
6 6 10 kcal to 8.60 X 10 kcal per hectare without allowance for fallow
acreage, depending on whether method 1 or 2 is used, respectively.
Converting from dollars to energy gives an energy input estimate that is
1.4 times higher than method 2. Method 1 shows the largest energies
subsidies to be from labor and machinery, while method 2 shows machinery,
fuel, and N-fertilizer subsidies to be greatest. The two methods are
most dissimilar in accounting for labor input: method 1 shows labor to
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be the largest energy input, while method 2 shows it to be least.
Industrial processing is required to produce digestible sugar from 
sugarcane. The energy involved in sugar refining amounts to 6.1 X 10^ 
kcal/ha annually. The energy return (food produced) on energy invested 
in sugarcane production and refining is the ratio of outputs to inputs. 
Total energy inputs, including agricultural and industrial phases, 
amounts to 14.7 X 10^ kcal/ha/yr (using method 2). The energy return 
ratio (ERR) on sugar production is 1.44:1, which indicates a positive 
net energy balance.
Pasture
Pasture land budgets were constructed for improved and unimproved 
pasture. Costs of raising cattle were included, as beef represents the 
only energy output directly used by man. Detailed breakdowns of energy 
subsidies for pasture and cattle production are shown in Tables V-A2 a-
d. On unimproved pasture a production of 22.5 kcal/ha is obtained with 
essentially no purchased energy inputs. Improved pasture costs repre­
sent the energy subsidy for an average unit area of improved pasture. 
With aid from local agricultural extension agents, it was assumed that 
one-half of improved pasture receives fertilization and rye overseeding 
in the winter, that in the summer the entire pasture is cut, fertilized, 
and herbicided; and that a small percentage of the pasture is cut as hay 
and then refertilized. Aboveground production of improved pasture is
1.5 times higher than unimproved pasture. However, production expenses 
increase from near zero to 4.45 X 10^ kcal/ha for the two pastures. 
Consequently, for an additional energy input of 4.45 X 10^ kcal, pro­
duction is increased only 5.0 X 10^ kcal. The energy return ratio is 
only 1.12:1.
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Estimates of energy expended for improved pasture are 3.6 times 
higher using method 2 versus method 1. As seen for sugarcane, labor 
costs are considerably different for the two methods. Both show machinery, 
fuel, and N-fertilizer inputs to be the most energy intensive sub­
sidies.
Subsidies for cattle beyond that required for field preparation are 
shown in Table V-A2c. Depending on method used, the energy input for 
cattle production is from 3.32 to 0.96 X 10 kcal/ha.
A budget of energy inputs and outputs for all pasture in the 
region, including cattle, is listed in Table V-A2d. Average abovegroundg
production of grass is 29.9 X 10 kcal/ha. The production of beef is
g
1.94 X 10 kcal/ ha. The trophic transfer efficiency is thus 6.5 percent. 
The energy cost to raise this quantity of meat is about 3.4 X 10^ 
kcal/ha. At 0.56 to 1 the ERR on beef is the lowest of any agricultural 
product in the study area. Methods 1 and 2 are quite close (3.28 
versus 3.43, respectively) in their estimates of energy inputs. Al­
though total costs are similar, the accounts of individual inputs are 
often quite dissimilar, varying from each other by up to two orders of 
magnitude. In method 1 machinery subsidies represent the largest input 
of energy, while in method 2, N-fertilizer represents the most energy 
intensive input.
Soybeans
The acreage devoted to soybeans has been increasing in Louisiana 
(USDA 1970). My own observations in the coastal region corroborate this 
trend and indicate that most of the area is coining from former sugarcane 
land. Because of the rich deltaic soils in the region, energy inputs
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are low. Inputs are calculated at 3.1 X 10^ kcal/ha using method 1 and
g
2.6 X 10 kcal/ha using method 2. Machinery represents the largest 
subsidy in the first method (39 percent), while fuel is the largest 
subsidy in the second method (43 percent), The energy intensiveness of 
labor, machinery, and fuel is generally lower than that of other crops 
because the land is not fertilized. Consequently, no energy is spent 
either to purchase or to apply fertilizer. Crop production is 2.3 X 10^ 
kcal/ha/yr (above and below ground production). The yield of beans
g
alone amounts to 2.6 X 10 kcal/ha. The ERR for beans is 2.5:1.
Corn
the acreage devoted to corn is low in the river delta region 
studied but is included to afford comparison with Pimentel's et al. 
(1973) analysis for the entire U.S. Total production expenses were 
calculated to be 4.39 and 6.4 X 10^ kcal/ha/yr for methods 1 and 2, 
respectively. Labor represents the largest energy subsidy to corn 
production when the analysis is done using method 1. Using method 2, 
however, fuel and nitrogen inputs represent the largest subsidies.
Production averages only 106 bu/ha in this region, considerably 
below the national norm (Pimentel et al 1973). This low yield gives an 
energy return of 1.67:1.
Vegetables
The analysis of vegetables represents a budget averaged for the 
cultivation of bell peppers, cabbage, okra, cucumbers, tomatoes, and 
sweet potatoes. Due to the year-round growing season, land can be used 
continuously by rotating crops. Detail is lost when lumping these six
plants, but as they all have requirements that are quite dissimilar from 
nonvegetable crops, such as high labor, fertlizer, and herbicide inputs, 
some interesting comparisons with other crops can be made.
The difference between total energy inputs calculated from the 
two methods is large for these crops. With method 1 energy inputs are 
47.6 X 10^ kcal/ha annually, while with method 2 they are 2.6 times 
lower (Table V-A5). As with the other crops method 2 points to 
machinery, fuel, and nitrogen as the most energy intensive inputs. In 
method 1, however, the labor aspect is given the largest energy com­
ponent. Almost 900 hours are put into every hectare. In addition to 
labor, fertilizer, and insecticide inputs are large.
Production of edible material averages 20.28 X 10^ kcal/ha. In 




One of the recurrent points mentioned above was the energy cost 
difference of the two methods used to calculate energy content of 
various subsidies. By and large the subsidy was calculated to be 
energetically greater using the method (1) that converts dollars to 
calories (U.S.-GNP to U.S. energy consumption). The results from the 
two methods agreed most favorably for pasture (3.28 versus 3.43 - 1 
versus 2) and were most dissimilar for vegetables (47.6 versus 18.2 - 1 
versus 2). With the exception of vegetables, the overall agreement by 
crop was within 70 percent (see Table V-A6).
An analysis of method disparities for each subsidy shows that
although total budgets were fairly close, there are enormous differences 
in estimates among individual subsidies. Higher estimates are calculated 
for labor, machinery, P, K, seed, and insecticide inputs by converting 
dollars to energy than by using Pimentel's et al. (1973) or Heichel's 
(1973) data. Fuel and nitrogen inputs in energy equivalents are cal­
culated to be higher using the latter method. Method discrepancies are 
largest for fuel (9.5 X), than for insecticide (9.2 X), N (7.6 X), labor
6.7 X), and machinery 3.8 X).
There are several reasons why there are discrepancies between the 2 
energy accounting methods. The difference is most easily seen in the 
accounting of labor. Most investigators give labor an energy value 
equivalent to the energy content of the food a worker eats. This is the 
approach of Pimentel et al. (1973) and Heichel (1973). Slight variations 
exist, stemming from whether eight hours of an average daily budget or 
eight hours of the working interval are considered. By converting a 
worker's salary to an energy equivalent, the total energy consumed by 
each worker is measured. This would include all the goods (shelter, 
automobile, TV, newspapers, medicine, clothing, etc.), services (doctor, 
electrician, motel, barber, etc.), and foods that are needed for a 
worker to support himself and his family. Such accounting includes more 
than just the few calories of food that a worker consumes while in the 
fields. It is my opinion that just as maintenance, fabrication, trans­
portation, and sales costs are included in energy accounting of machinery, 
the full cost of producing a worker (raising a child cost), of clothing 
him, of entertaining him, and of housing him should also be included. A 
worker receiving only 3000 kcal of food daily would surely die rapidly 
if he had no housing, clothing, or medical attention. Similarly, a
tractor getting only fuel but no maintenance, shelter, or replacement 
batteries would not last long either.
Another reason for the discrepancies between methods is that the 
dollar to energy ratio represents average dollar to average energy 
conversions for the entire U.S. economy. Consequently, only an ap­
proximate energy value is estimated for a wide range of goods and 
services. Different sectors of the economy have different dollar-energy 
ratios. Kylstra (1974) showed that the ratio decreases from the fuel 
mining and processing sectors through the manufacturing sector and to 
the consumer sector. This trend appears evident in this study as the 
energy content of fuel, N, and K was calculated to be less using the 
dollar to energy relationship than by using Pimentel's et al. (1973) 
values. Further use of the dollar-energy ratio necessitates more 
detailed analyses by sector.
The ideal method of energy accounting is to evaluate for each good 
or service all fuels consumed through resource exploration, development, 
extraction, transportation, processing, manufacturing, and labor, sales, 
etc. This is supposedly what Pimentel et al. (1973) and Heichel (1973) 
have done for machinery, fertilizer, insecticide, and herbicide inputs. 
However, it is not clear whether energetic costs such as research and 
development, distribution, and sales are included. Fuel costs must 
include more than the direct caloric value of a unit amount, as done by 
Pimentel et al. (1973). Fuel also is mined, distributed, and sold, 
and the caloric value does not measure these inputs.
This analysis points out the need for a standardization of energy 
accounting methodologies. A true picture of energy use in any endeavor 
mustinclude complete identification of all inputs. Labor accounting
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must Include more than the caloric value of a worker's food. The dollar 
to energy ratio is the best way to measure the energy expenditure 
of a worker. Other Inputs such as machinery and insecticides should be 
measured by direct accounts of all energy inputs as was initiated by 
Pimentel et al. (1973). Fuel costs should be calculated in a similar 
manner and in addition should include the basic caloric content.
Crop Comparison
There are considerable differences in the degree of energy in­
tensiveness among the crops grown in the river delta region of Louisiana 
(Table V-A6). Regardless of the energy accounting technique used, 
vegetables are found to be most dependent on cultural subsidy inputs. 
Vegetables are followed by sugarcane, corn, pasture, and soybeans. The 
range in energy inputs is from 47.6 to 3.1 X 10 kcal/ha using the 
dollar-energy accounting procedure, and from 18.2 to 2.6 X 10 kcal/ha 
using the conversion equivalents of Pimentel et al. (1973).
As discussed previously, neither energy accounting technique is 
adequate to realistically evaluate all energy inputs. An improvement 
can be made, by integrating the labor accounting of method 1 (dollar: 
energy) with method 2. The order of crop energy intensiveness remains 
as before, but the range increases. Vegetable cultivation has an energy 
demand that is 3.8 times higher than the crop with the next highest 
input (sugarcane). Sugarcane is 4.6 times more energy intensive than 
soybeans, which are the least intensive crop growth (see Table V-A6).
In Figure V-A2 the purchased energy subsidies of the five major 
Barataria BAsin crops are compared with each other and with those of an 
average U.S. corn crop and a Brazilian sugarcane crop (Pimentel et al.
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1973; DaSilva et al. 1978). Energy subsidies were calculated using 
energy equivalents reported in Pimentel et al. (1973). What is most 
striking in Figure V-A2 is the energy intensiveness of the machinery, 
fuel, and nitrogen fertilizer subsidies. For an average high technology 
crop, whether it is in the U.S. or Brazil, these three subsidies 
represent the largest energy inputs. Nitrogen fertilizer is the most 
energy intensive crop subsidy. To lower energy use in agriculture, 
a profitable avenue of research would appear to be in ways to lower the 
nitrogen requirement of cultivated plants.
Labor Savings Versus Area Expansion
It was mentioned previously that energy subsidies in American agri­
culture can be divided into those that replace human labor and those 
that increase production per unit area (Ruttan 1975). In the river 
delta region the proportion of the total energy subsidy that promotes 
increased production per unit area varies considerably from crop to 
crop. To afford comparison with other studies, the energy accounting 
technique of Pimentel et al. (1975) is used. Pasture subsidies that 
which increase production per unit area, such as fertilizer, genetically 
improve seed, insecticide, and drying make up 67 percent of the total. 
Corn, at 52 percent, is the only other crop in which such subsidies 
outweigh labor saving subsidies. Soybeans are on the opposite end 
of the spectrum. Roughly 88 percent of all inputs to soybean production 
are categorized as labor saving subsidies.
For harvestable field crops (excluding pasture), the majority of 
energy inputs are employed to save labor. Ruttan (1975) showed 
Pimentel's et al. (1973) data that 0.14 X 10^ kcal of inputs has been
used to save 1000 kcal of labor In corn production. Such a negative net 
energy balance is not desirable. However, if Ruttan had measured the 
true energy content of labor, the analysis would show a positive net 
energy analysis (1000 kcal is about equal to 4 hrs labor @ $2.50/hr 
which is about equal to $10 @ 20,000 kcal/dollar ^  200,000 kcal saved). 
In reality, energy in addition to labor is saved. This allows for the 
possbility of labor to be used more profitably in another sector of the 
economy or in a control position on the farm.
Corn - A Geographic Perspective
That the acreage of corn is quite small in the river delta region 
of Louisiana is no surprise when production subsidies and yields are 
compared with the average corn figures for the country. As demonstrated 
in Figure V-A2, production subsidies in this region are similar (89 
percent) to those reported for an average field of corn in the U.S. 
(Pimentel et al. 1973). Using energy accounting figures of Pimentel, 
the energy input associated with labor, fuel, K, and seed is just below 
the norm. In contrast to inputs, however, corn yields are almost half 
those of the national average. It follows that the energy return ratio 
is only 1.67:1 locally versus 2.82:1 for the U.S. It appears that corn 
is not an ideal crop for this region.
Energy Return Ratios
The energy return ratio varied greatly for each crop analyzed in 
the river delta region. Figure V-A3 shows the relationship between 
input energy subsidies and the energy return ratio for regional crops 
and a few from outside the area using the energy accounting technique of
Pimentel et al. (1973). Modern cropping systems yield approximately 3 
kcal or less of digestible energy per kcal of purchased energy expended. 
The pattern elucidated in Figure V-A3 is that as the energy subsidy 
increases the efficiency (energy return ratio) decreases. For example, 
while soybeans have the lowest energy subsidy in the region and the 
highest ERR, vegetables exhibit just the opposite - the greatest subsidy 
and lowest ERR. Pasture raised beef is the only agricultural product 
that returns less energy than is applied. This, however, does not 
consider the nutritionally important nitrogen (amino acid) content of 
beef. From an energy perspective, the data for this region suggest 
that soybeans are an attractive crop with respect to the low level 
of energy involved in its production and the realitvely high energy 
return ratio.
Sugarcane - Alternatives for the Future
In Louisiana, sugarcane economics are marginal at best. Net dollar 
returns per acre averaged only $2.08 during the period, 1968-1970 
(Campbell 1973). Business relied heavily on government subsidies and 
price supports. The reason for this is that Louisiana is at -the 
northern edge of the favorable climatic zone. Yields are 50 percent 
higher in Hawaii (Heichel 1973) and 20 percent higher in Brazil (DaSilva 
et al. 1978).
It is appropriate to analyze alternatives to sugar production for 
the land devoted to sugarcane. Two considerations are (1) a switch to 
soybeans, or (2) a switch from sugar to alchol production from sugar­
cane. With regard to the first, soybeans are attractive for several 
reasons. Lower soil erosion and nutrient runoff rates for soybean
98
cultivation versus sugarcane production (this study) make soybeans 
appealing from an ecological perspective. A limited investigation of 
the economics of these two crops shows that for soybeans, the dollar 
return per acre ranged from $65.55 to $20.55 (Carville 1975; Fielder 
1977, personal communication) while for sugarcane the net return was 
$2.08 for the period 1968-1970 (Campbell 1973). Soybeans are a good 
alternative crop for farmland in the river delta region. In the future, 
I expect soybeans to play an increasingly important role as better 
varieties are developed for south Louisiana and farmers gain more 
knowledge about growing them.
An analysis of ethanol production from sugarcane shows it1' not to be 
an energy efficient proposition for Louisiana. Further analyses are 
needed to determine economic feasibility. A cursory energy analysis 
is made using the results obtained for Brazilian sugarcane (DaSilva et 
al. 1978).
Sugarcane cultivation is roughly twice as energy intensive in 
Louisiana as in Brazil (DaSilva et al. 1978). Brazilian practices are 
labor intensive, while in Louisiana production is more dependent on 
mechanization. Machinery and fuel costs and fertilizer, insecticide and 
herbicide application rates are higher in Louisiana. Although the 
energy input to Brazilian sugarcane is half that of Louisiana cane, 
production is 1.3 times higher (DaSilva et al. 1978). The agricultural 
energy subsidy in Brazil is 4138 mcal/ha annually and is 7750 mcal/ha in 
Louisiana. Yields are 54 metric tons/ha in Brazil and 40.2 metric 
tons/ha locally. For the agricultural phase, the energy return ratios 
are 6.4:1 and 2.54:1 for Brazil and Louisiana, respectively. DaSilva et
al. (1978) calculated an Industrial energy of 10.8 X 10^ kcal/ha for 
alcohol production in Brazil. This is in contrast to 6.1 -X 10^ kcal/ha 
for expended in sugar refining in the U.S. (Heichel 1973). Including 
industrial expenditures, the total use of energy in alcohol production
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is 14.9 X 10 kcal/ha and 18.6 X 10 kcal/ha in Brazil and Louisiana, 
respectively. Based on DaSilva et'al. (1978) estimates of the energy 
content of the alcohol produced (18.7 X 10^ kcal alcohol from 54 tons 
sugarcane) and the crop yield in Louisiana, the output energy obtainable
g
in Louisiana, is 13.9 X 10 kcal/ha. The industrial process is partially 
driven from burning bagasse. With an energy return ratio of only 
0.74:1, ethanol production is not a good alternative for Louisiana.
Sugar production is energetically preferred with an ERR of 1.14:1 
(analysis including fallow land).
Without furthur economic analysis, from an energy viewpoint and a 
limited economic viewpoint, data indicate that soybeans are preferable 
to sugarcane in the river delta region of Louisiana. This statement is 
supported by the following: (1) farmers currently receive a higher
dollar return investment on soybeans, (2) ethanol production does not 
have a positive net energy balance, (3) soybean energy requirements are 
lower than those of sugarcane, (4) the ERR is higher for soybeans, and
(5) ecosystem impacts from soybeans are lower.
Conclusions
My results emphasize the importance of energy analyses of agricul­
ture. Further research is needed in particular geographic regions 
including the river delta region in Louisiana. Further research would
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enable selection of crops that consume the least amount of energy and 
that are most efficient with respect to converting input energy to 
digestible food energy. This is the direction of research proposed by 
President Carter in his 1979 budget (Smith 1979).
The data indicate that the two agricultural products directly 
consumed by man, pasture raised beef and vegetables, have the lowest 
energy return ratios. Vegetables require more energy subsidies in their 
production than other crops grown in the area. Crops that have the 
highest ERRs, soybeans, corn, and sugarcane need refining or are fed to 
cattle rather than consumed by humans directly.
This analysis has shown that accurate energy accounting of labor 
subsidies in agriculture is not achieved by considering the food cal­
ories alone that are consumed by a worker while in the field. This 
subsidy is accounted for best by converting the farmers salary to an 
energy equivalent using the relationship of G.N.P. to total U.S. energy 
consumption. This accounting technique shows that the energy subsidies 
invested in agriculture to replace labor not only make economic sense 
but make energetic sense also.
Last, it has been shown that a conversion of sugarcane acreage to 
soybeans would bring greater financial returns to farmers, lower energy 
consumption on the farm and yield a higher ERR. Production of alcohol 
from sugarcane does not appear to be an energetically favorable 
proposition presently.
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Table V-Al. Analysis of energy subsidies to sugarcane production. 
Column A calculated using dollar to energy conversion 
factor. Column B calculated using energy equivalents 
of Pimentel et al. 1973. Inputs 4-9 and production esti­
mates do not include fallow land.
Input Name Amount 
(per acre)
Energy Expended 











Machinery*^ $80 or 
420,000 kcal








































Drying 0 0 0 0 0
1 .





TOTAL 4.89 x 10® 
12.09 x 10®











14 tons dry wt/acre 
11.8 tons dry wt/acre
2.2 tons dry wt/acre 
7.8 tons dry wt/acre 
2.36 tons dry wt/acre
2,470,000 kcal/acre
47.0 x 10® kcal/acre 
39.6 x 10 kcal/acre 
7.39 x 10® kcal/acre
26.2 x 10® kcal/acre 
8.57 x 10® kcal/acre
2.47 x 10® kcal/acre 





Sugar: Production plus refining cost
Total production: Production cost
Aboveground production: Production cost
Notes -
*Includes transportation
aFrom Campbell (1973-DAE Res. Rpt. No. 453) 1970 price = $993/acre = 54 hrs 
@ 1.85/hr. Includes manual planting every fourth year. Mechanical 
harvest. 20,000 FFE kcal/$ . Farm laborer consumes 21,770 kcal/wk or 
40 hrs = 29,400 kcal (Pimentel et al. 1973).
^From Campbell (1973), gallon kerosene <= 34,056 kcal (Handbook of Chemistry 
and Physics - 41st ed. 1959. C. R. Publishing Co. Ohio. $0.18/gall.
CCampbell (1973), Carville (1975), $0.055/lb; 20,000 FFE kcal/$ ; Pimentel 
et al. (1973) 8,400 kcal/lb.
dCampbell (1973, Carville (1975, Pimentel et al. (1973), 1,520 kcal/lb.
eCampbell (1973, Carville (1975), Pimentel et al. (1973), 1,050 kcal/lb.
f & ^Campbell (1973, Carville (1975), Pimentel et al. (1973), 1# = 11,000 kcal
^Pimentel et a l . (1973) based on total U.S. agricultural consumption divided 
by total area and considering fossil fuel inputs for generation.
"4)aSilva et al • (1978) calorie equivalent of cane planted = 820,000 kcal/ 
ha/4 yrs.
•^Campbell (1973) includes tractors, harvesters, hauling equipment, repairs, 
depreciation, associated tractor equipment - $80/acre. Assume same 
machinery costs as Pimentel calculated for corn.
^Campbell (1973) average production of 24 wet wt tons/acre planted; 3,700 
kcal/kg Heichel (1973); not accounting for acreage in fallow.






Table V-A2a. Analysis of energy subsidies to unlnproved pasture (not 
Including cattle) production. Coluan A calculated using 
dollar to energy conversion factor. Coluan B calculated 
using energy equivalents of Flnentel et al. 1973.
See Table V-Al.
Input naae amount (per acre) A CE kcal/acre CE kcal/hectare
B kcal/acre 
kcal/hectare
Manual labor 0 0 0
Equipment and nachines 0 0 0
Fuel 0 0 0
H 0 0 0
F 0 0 0
K 0 0 0
Seeds 0 0 0
Insecticide 0 0 0
Herbicide 0 0 0
Drying 0 0 0
Electricity 0 0 0
Total 0
Production
above ground only i6000 f/acre/yr 9.0 x 106 kcal/acre 
t 3300 kcal/kg
Table V-A2b. Analysis of energy subsidies to Improved pasture (not 
Including cattle). Column A calculated ualng dollar 
to energy conversion factor. Column B calculated 
using energy equivalents of Pimentel et al. 1973.
See Table V-Al.
Input Name Amount Energy Expended X of Total











































0.496 x 10* 
1.23 x 106







































Table V-A2c. Analysis of energy subsidies Co cattle production on 
Improved pasture (excluding pasture costs). Column A 
calculated using dollar to energy conversion factor. 
Column B calculated using energy equivalents of 
Pimentel et al. 1973. See Table V-Al.
Input Marne Amount Energy Expended Z of Total








































1.35 x 10* 
3.32 x 106
0.39 x 10° 
0.96 x 106
Table V-A2J. Analysis of energy subsidies to pasture* (Including cattle)**
Coluan A calculated using dollar to energy conversion factor. 
Coluan B calculated using energy equivalents of Pimentel et 
al. 1973. See Table V-Al.
Input Kaae Amount Energy Expended Z of Total
(per acre) A CE kcal/ac B kcal/ac A B
CE kcal/ha kcal/ha




















P 0 0 0 0 0












Drying 0 0 0 0 0
Electricity 0 0 0 0 0
TOTAL 1.33 x 10* CE kcal/acre 1.39 x 106 kcal/acre
3.28 x 10° CE kcal/ha 3.43 x 10° kcal/ha
Production 
Heat 8671/acre ■ 787,200 kcal/ac
Aboveground grass production 8,070f/acre 6 3,300 kcal/kg
12.1 x 106 kcal/acre - 29.90 x 10° kcal/ha 
Total grass production 24,210#/acre
36.3 x 10° kcal/acre ■ 89.7 x 10° kcal/ha
Energy return ratio on beef 0.36:1
Motes -
*36,000 kcal/gal gasollne-Handbook of Chemistry and Physics.
Budget weighted for relative areas and degree of unimproved 
and Improved pastures (From Foster, T. and D. Huffman, 1968. Production 
costs and yields by month for selected forages in southwsst Louisiana. 
LSU DAE Research Report No. 378, 73 p. also D. Huffman, parsonal 
communication). Detalla available on request.
See V-A a-c for separate budgets for Improved and Improved pasture.
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Table V-A3 Analysis of energy subsidies to soybean production.
Column A calculated using dollar to energy conversion 
factor. Column B calculated using energy equivalents 
of Pimentel et al. 1973. See Table V-Al.
Input Name Amount 
(per acre)
Energy Expended 























N3 0 0 0
P3 0 0 0
K3 0 0 0 f


































Production: Total cost 9.37 





aCarville (1975) Table 38 - Estimated costs and return per acre 
soybeans, river delta area, 1977.
**Used ratio of sugarcane: soybean dollar cost to calculate sugarcane: 
soybean energy cost $80/24 = 420,000/128,100 kcal.
Cl# seed = 1,800 kcal Pimentel et al. (1973).
^See notes for sugarcane. 2 applications of methyl parathion 
or 1 lb/acre, 1.5 qts/acre of Treflan plus 1 lb/acre Sincor 
or 4 lbs/acre.
eFrom Pimentel et al. 1975. 3,600 kcal/kg total plant.
^From Pimentel et al. 1975. 4,000 kcal/kg beans.
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Table V-A4. Analysis of energy subsidies to corn production.
Column A calculated using dollar to energy conversion 
factor. Column B calculated using energy equivalents 
of Pimentel et al. 1973. See Table V-Al.

































































TOTAL 1.78 x 106 
4.39 x 106
2.59 x lo!? 
6.40 x 10°
Production 43 bu/acre 4.33 x 106(a) kcal
Energy return ratio
Production: Input energy 1.67
a. 1 bu = 56 lbs.; 1 lbs. = 1,800 kcal; See Table V-Al
1 1 0
Table V-A5 Analysis of energy subsidies to vegetable production.
Column A calculated using dollar to energy conversion 
factor. Column B calculated using energy equivalents 
of Pimentel et al. 1973. See Table V-Al.
Input Name Amount 
(per acre)
Energy Expended 











Machinery*^ $81 1:86 $ 18‘ 425,000 6 1.05 x 10
8.4 5.8
Fuel*15 119 gall 428,000, 
1.06 x 10







































TOTAL 19.28 x 10b 
47.6 x 10°
7.3 x loS? 
18.2 x 10
Production
Edible portion 8,037///acre 8.21 x loj? kcal/acre 
20.28 x 10° kcal/ha
Energy return ratio




a. weighted average including bell peppers, cabbage, cucumbers, okra 
tomatoes and sweet potatoes. Assume budget for orchards is similar.
b. Carville (1975)
c. See Table V-Al and Pimentel el al. 1973 
* Includes transportation.
1 1 2
Table V-A6 . Summary of energy inputs to various agricultural crops in 




Energy (kcal x 10b/ha)
A B B/& C D
Corn (1) 2.82 NA 7.16 x io 6
Sugarcane (2) 21.6 (4) NA 4.14 x io 6
Sugarcane (3) 1.44(5) 12.09 x 106 8.60 x io 6 .70 13.4 36
(11.4)<4>
Vegetables (3) 1 .12(6) 47.60 x 106 18.20 x io 6 .38 50.6 32
Corn (3) 1.67<7> 4.39 x io 6 6.40 x io 6 .69 6.8 52
Pasture (3) 0.56(8) 3.28 x 106 3.43 x io 6 .96 4.2 67
Soybeans (3) 2.5(9) 3.1 x 106 2.60 x io 6 .84 2.9 10
Notes:
(1) Pimentel et al 1973 - U.S. average
(2) Da Silva et al 1978 - Brazil
(3) This study -
A. Converting dollar costs to energy equivalents (Odum 
and Odum 1976).
B. Equivalents of Pimental et al.1973 and Heichel 1973.
C. Using labor accounting from A and other inputs from B.
D. Percentage of input subsidies devoted to increasing 
production per unit area.
(4) Ratio of aboveground production to production costs
(5) Includes sugar refining costs
(6) Edible portion only
(7) Grain only
(8) Cattle costs included
(9) Beans only
Figure V.-l. Conceptual model showing major energy and dollar
flows of American agricultural systems . .
Materials, Services, Information
f  /  a  Fuel







Figure V-A2. Energy subsidies to agricultural crops
10.01 * 106 
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1 Corn (Pimentel etal-1973)
2 Sugar cane ( Da S ilva)
3 Sugar cane- La
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■ //,/ 7 Pasture La.
A ■
1 3 3 4 5 * 7  1 3 3 4 5 * 7  1 3 3 4 5 * 7  1 3 3 4 5 * 7  t 3 3 4 5 * 7
S««d !ns«ctidd« H«rbicid# Orying E|*cfrkily
116



























Input Energy ( x l^ k ca l /  acre ) 118
4
MODELING URBAN AND AGRICULTURAL DEVELOPMENT, HYDROLOGY AND 
EUTOPHICATION IN A LOUISIANA SWAMP FOREST ECOSYSTEM
In the past 30 years there have been rapid changes in the structure 
and function of the ecosystems located in the headwater regions of 
Louisiana's coastal estuaries (Craig and Day 1977, Butler 1975, Gael and 
Hopkinson 1979). Freshwater lakes that were once clear and coffee- 
colored and that had abundant game fish populations (Lantz 1970) are now 
characterized as being green and odoriferous, having frequent algal 
blooms, occasional fish kills, and gizzard shad and catfish populations. 
Large portions of swamp and marsh have been reclaimed and marginally dry 
natural levee land drained for agricultural and urban use. An extensive 
canal network and channelized bayous lead to rapid storm water runoff 
from uplands to marsh lakes. This study investigates the relation 
between land use, hydrology, nutrient loading and biological produc­
tivity in the Des Allemands swamp system.
DESCRIPTION OF AREA 
The Des Allemands swamp forest system is located in the headwaters 
of the Barataria Basin Hydrologic Unit. The roughly triangularly shaped 
unit is an interdistributary basin bordered by the Mississippi River,
Bayou Lafourche, and the Gulf of Mexico (Figure V-Bl). Natural levees 
form the perimeter of the basin and range in elevation from 9 m along 
the artificial levees of the Mississippi River to 0.5 m at the junction 
with the basin wetlands. Since the artificial leveeing of the Mississippi 
River overbank flooding no longer occurs,.the only source of fresh water
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Is rainfall, which averages 152 cm/yr. Water flow is from the natural 
levees into the interior wetlands and from the Mississippi River - Bayou 
Lafourche basin apex to the Gulf of Mexico. The Gulfward three-quarters 
of the basin is tidally influenced.
The Des Allemands swamp forest system occupies the quarter of the 
Barataria Basin most remote from the Gulf of Mexico (Figure V-Bl). The 
embankment of U.S. Highway 90 forms a barrier between the swamp forest 
and the rest of the basin. The only significant connection is Bayou des 
Allemands. The swamp forest system is a freshwater system without any 
direct tidal effects. However, water levels are controlled to some 
extent by lower estuary conditions. For example, prolonged southeasterly 
winds raise water levels in the upper estuary.
An obvious feature of the area is the enormous number of linear 
canals (Figure VB-2), constructed primarily for agricultural drainage, 
petroleum activity (pipeline and rig access canals), and navigation. 
Drainage densities range from 2.9 in relatively natural areas of the 
swamp to more than 800 in sugarcane fields on the natural levee uplands 
(Gael and Hopkinson 1979).
The effects of the increased drainage network are manifested two 
ways: increased eutrophication of water bodies (Gael and Hopkinson 1979, 
Seaton 1979, Day et al 1977, Butler 1975, Lantz 1970, Craig and Day 
1977) and lowered swamp forest productivity (Conner and Day 1976, Craig 
et al. 1978, Conner unpublished). (1) Gael and Hopkinson (1979) found a 
direct linear correlation between drainage density and trophic state 
condition of waterbodies. As drainage density increased the trophic 
state also increased. The reason for this is that nutrient-laden runoff
1 2 1
water from the uplands is rapidly discharged to swamp lakes without 
overland flow and cleansing through the swamp forest. (2) The effects 
are also seen in decreased biomass and productivity and species changes 
of trees (Conner unpublished). Aerial infrared photographs of the 
region vividly portray this phenomenon. The reason is related to 
hydrologic changes. Canal construction requires the placement of spoil 
material that invariably ends up in the form of linear spoil banks 
running parallel to canals. This prevents overbank flooding, retards 
water and material exchange, and causes prolonged ponding and stagnation.
OBJECTIVES
In this section the following subjects are investigated: (1) 
urbanization and changing land use patterns in the Des Allemands eco­
system in relation to storm water and nutrient runoff to the swamp and
(2) the effects of several hydrologic regimes in the wetlands on nutr­
ient loading and eutrophication of Lac des Allemands. This is done 
using SWMM (EPA 1971), a runoff, hydrologic, and nutrient accounting 
model. Specifically the following are considered: (1) present (1975) and 
future (1995) quantitative rates of nutrient and water runoff from the 
rapidly developing natural levee lands along the perimeter of the swamp 
as a result of changing land use; and (2) hydrologic changes from the 
present such as water levels and discharge rates that would result from 
(a) the removal of most spoil banks and (b) the removal of all spoil 
banks and wiering of several major agricultural drainage canals; and (3) 
the problem of relating and synthesizing data suggestive of increased 
nutrient uptake in the swamp forest in a moving water overland flow 
regime. In particular this section deals with the question of by what
1 2 2
what percentage nutrient loading to an already hypereutrophlc Lac des 
Allemands can be reduced if swamp hydrology is modified.
THE SWMM MODEL
Under the sponsorship of the Environmental Protection Agency, ■ 
a consortium of contractors —  Metcalf and Eddy, Inc., the University 
of Florida, and Water Resources Engineers, Inc. —  developed a com­
prehensive mathematical model capable of representing urban storm water 
runoff and receiving water effects for lakes, rivers, or estuaries.
This model, the Storm Water Management Model (SWMM), is applied in this 
study to examine runoff and associated nitrogen and phosphorus nutrients 
from the natural levee uplands into the swamp and then to follow it 
through the swamp, through Lac des Allemands, and out of the system via 
Bayou des Allemands. SWMM is divided into separate blocks. One block, 
called RUNOFF is used to simulate runoff from the uplands, while another 
block, called RECEIVE, simulates swamp and lake hydrology.
The comprehensive model uses a high speed digital computer to 
simulate real storm events on the basis of rainfall inputs and land use 
characteristics. This is seen conceptually in Figure V-B3. In RUNOFF, 
rainfall is routed through one of four paths depending on the physico- 
chemico-biologic conditions existing on the uplands. Runoff water 
transports nutrients that are available. Storm water and associated 
nutrients enter the swamp and in RECEIVE are routed through it. 'Routing 
depends on the geometry of the channel grid system that is used to 
describe the hydrologic regime. Nutrients are taken up or released to 
the water column depending on site location and concentration gradient.
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RUNOFF BLOCK
Simulation of the RUNOFF block involves the iterative solution of a 
series of differential equations. Hydrographs are calculated from an 
accounting of rainfall, infiltration, evaporation, detention, overland 
flow and canal flow. This spatial and temporal hydraulic information
then serves as the driving force for the nutrient model and the RECEIVE
block.
The basic sequence of steps in RUNOFF is as follows:
1) Rainfall is added and a water depth calculated on the surface
D = D + R_ At 1 t t
where = water depth at time 1,
D£ = previous water depth,
R_ = rainfall rate,■ t *
At = time interval.
2) Water infiltrates into the soil. Infiltration is expressed by 
Horton's exponential function
- fo +  (£l"fo)e 
where I = infiltration,
f = minimum infiltration rate, 
o  *
f^ = maximum infiltration rate, 
a = decay rate of infiltration 
The amount of water infiltrating the soil is subtracted 
from the water depth
D2 = D1 “ Xt At
3) Water flows off the area if a certain critical depth of water 
is reached (detention depth). Flow velocity is
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V = (D_-D )2/3 S1/2n z a
where n = Manning's roughness coefficient,
= detention depth,
S = land slope.
Discharge is Q = VW (D^D^) 
where W = width of overland flow.
4) A continuity equation is solved to recalculate water depth.
Dt + At = D2 - (Q/A) At 
where A = subcatchment area.
5) Water flows into the agriculture canals are calculated
in
where = input to the canal,
Qw,i = flow off each tributary subcatchment.
6) Depth in the canal is calculated
CDl = CDt + (Qln/As) At
where CD^ = new canal depth,
CD^ = previous canal depth,
A = canal surface area, s
As these canals are trapezoidal in shape Ag varies with, 
water depth.
7) Outflow from the canal to the swamp is calculated next.
v = r 2/3 gl/2
n
where R = hydraulic radius (perimeter/area depth)
Q = VA out xc
where A = cross-sectional area of the canal, xc
8) The continuity equation is used to calculate a new canal water
125
i
depth at the end of the integration interval.
CD _ « CD. + (Q. -Q J  At/At+At 1 in out s
These eight steps are solved iteratively using the Newton-Raphson method 
until storm completion and all surplus water has run from the agricultural 
canals.
RECEIVE BLOCK
Simulation of the RECEIVE block also involves the repetitious, 
solving with the Runge-Kutta technique a number of differential equa­
tions. The equations of motion and continuity are applied to each 
nodal point and channel element and solved simultaneously to produce a 
time-history of water height (.stage), velocity and flow. The basic 
equations that are solved are as follows:
1) The flow rate in each channel is calculated from the hydraulic 
gradient (pressure gradient) and other hydraulic conditions that 
exist at the start of the interval. The one-dimensional equation 
of motion is
V HV = —V —  — g —  - g S . —g s —— x b x ° f w
where V = velocity, t = time, x = distance, g = gravitational
acceleration, H = head, = frictional term for bottom,
S = wind frictional term. The bottom frictional term, w
turbulence, is proportional to the square of the mean
velocity according to Manning's equation 
2
Sf = n V V where n = Manning's roughness coefficient,
2.2R4/3
and R = hydraulic radius. = 0 in my simulations. 2) The 
continuity equation is solved to calculate net inputs and
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t
outputs of a channel
JJ
Aj j = +  QQUt where = area of nodal points
or junctions at the end of every channel, and QQUt = flows 
in and out of junction at each time step.
NUTRIENT ACCOUNTING
The nutrient accounting model is an integral part of RUNOFF and 
RECEIVE blocks. In RUNOFF the availability of various nutrients is 
determined for the land surface. Nutrients are transported to the swamp 
in conjunction with water runoff from uplands. In contrast to RUNOFF, 
nutrients are treated nonconservatively in RECEIVE. Water flow advects 
nutrients from node to node, and depending on concentration and location 
are either added to or removed from the water column.
In RUNOFF estimates of nutrients potentially available for a storm 
event are predetermined. Nutrients are washed off the land surface at a 
logarithmically decreasing rate after water runoff commences. The 
quantity of nutrients remaining on the surface after runoff begins is 
expressed as a first-order differential
-dN = kN where N = nutrient availability
dt k = decay constant
k varies in direction proportion to runoff rate (r)• 
k = br where b is a constant that determines how much and how fast a 
certain percentage of nutrients available exit per unit runoff. Quan­
tity and concentration of nutrients exported from the uplands in RUNOFF 
is determined by solving mass balance, equations.
In RECEIVE the fate of nutrients entering the swamp from
RUNOFF simulations Is determined. Nutrient loading from RUNOFF is 
tabulated for each input location of RECEIVE. Depending on initial 
boundary concentrations new concentrations are calculated. Nutrients are 
advected from node to node in association with water flow. Nutrients 
are decayed using a predetermined decay constant at each node. A 
minimum concentration is set to represent the buffering effect that 
sediments have on water column nutrients. These processes are repeated 
iteratively as long as hydrology is simulated.
DES ALLEMANDS SYSTEM MODEL
LAND USE
Geometrical conceptualization of flow patterns and estimation of
model coefficients and parameters are based on the areal extent of the
various land use categories existing in the Des Allemands system pre­
sently and in the future. The relationship of land use to hydrology is 
shown in the conceptual model (Figure V-B3).
Present and future areal extents of the major land uses in the Des
Allemands system are presented in Table V-Bl. Of particular interest 
are the areas of various upland habitats. At present the majority of 
land on the natural levee is devoted to agriculture with forest land 
also being significant. Land devoted to urban activities such as 
residential, industrial, etc. comprises only 7 percent of the total. By 
1995, however, based on growth projections of the Louisiana State 
Planning Office, land devoted to urban categories will increase by 9708 
ha (321 percent). These projections vividly portray the imminent 
impact of the LOOP superport development. Present plans call for onshore
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storage facilities to be located in St. James Parish, which is within 
the study area. The majority of the increased urban area will be at the 
expense of agriculture land (70 percent). Smaller percentages will 
come from reclaimed swamp forest (20 percent) and upland forest (.9 
percent). CONCEPTUALIZATION
Physical abstraction of the system is the first step in imple­
menting the model (Figure V-B41. Separate procedures were followed for 
RUNOFF and RECEIVE. For RUNOFF, natural levee uplands were conceptualized 
into 11 different subcatchment areas, each based on all existing input 
locations of storm water runoff into the swamp. A subcatchment repre­
sents the drainage basin of an inlet to the swamp. Each subcatchment is 
unique in size, slope, and drainage density. Abstraction of the swamp, 
for RECEIVE, was more complicated. The swamp system was logically 
divided into three types of physical elements: lake, bayou or canal, and
back swamp. In this finite element model each element is treated as a
node(s) (or junction), that is Care) characterized by area, and ele­
vation. The connection between nodes is represented as a channel that 
has a characteristic elevation, width, length, and roughness coeffi­
cient. The swamp is conceived as a few major channels, representing 
major agricultural drainage canals and channelized bayous, which lead to 
Lac des Allemands. The lake is represented by five nodes. Swamp area 
adjacent to these major channels is conceptualized as hackswamp nodes 
that are separated from the channels by levees. Channels connecting
backswamp to bayou or canal are represented in two ways. The major
channel represents over-levee flow and has long characteristic widths
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and depths that are above the level of backswamp areas. Small breaks In 
levees are represented by channels with narrow widths and depths similar 
to backswamp elevations. This conceptualization reflects the effect of 
the enormous canal network: swamp impoundment. Currently most back- 
swamps serve only as water storage areas. Water does not flow down­
stream at backswamp junctions. Rather water flows perpendicular to the 
main bayou. If several canals, levees or roads that run perpendicular 
to the downstream axis of the bayous were removed so that water could 
flow downstream from backswamp node to backswamp node. The conceptuali­
zation of this regime is shown in Figure V-B4.
PARAMETERIZATION PROCESS AND RESULTS
RUNOFF
Estimates were made of the coefficients and parameters that are 
necessary to characterize the hydraulic properties of a subcatchment 
such as surface area, drainage density, slope, infiltration rates 
(maximum, minimum, decay), detention depths, roughness coefficients, 
percent imperviousness, and canal morphology. Each subcatchment repre­
sents an idealized runoff area with uniform slope. It is assumed
that each subcatchment has a unique area, drainage density, and 
slope. The other parameters are similar for each subcatchment and 
change only as land use does.
Hydraulic properties for the subcatchments were determined by first 
calculating them for each land use category and then by calculating an 
average based on the relative area of all land use categories on the 
subcatchments. Hydraulic properties assigned to each land use category
130
are seen in Table V-B2. Parameters that vary the most for the different 
land uses are percent imperviousness of the land and the roughness 
coefficient for pervious land. Whereas about 100% of agricultural and 
forest lands are pervious only 30 percent of industrial lands are. 
Likewise pasture land has a high roughness factor while for urban and 
industrial areas it is lower. The overall picture that emerges is that 
urban land has hydraulic properties that will lead to rapid storm water 
runoff. Pasture land will have the least rapid runoff rate.
In Table V-B3 subcatchment parameters that represent an average of 
the various land use categories are listed. These were calculated using 
land use ratios calculated for 1975 and projected for 1995. Land use 
was not determined on a subcatchment basis but on a total upland basis. 
Therefore each subcatchment is treated identically. Most runoff para­
meters change little or none from 1975 to 1995. Minor differences 
were calculated for infiltration rates, detention depths on pervious 
areas, and roughness coefficients on pervious areas. The most signi­
ficant hydraulic change will be the area of impervious land which 
increases from 4 to 13 percent.
Runoff from each subcatchment is collected in separate canals and 
then routed to the swamp. Output from the 11 canals serves as input to 
the RECEIVE block. Table V-B4 presents hydraulic information of each 
canal.
RECEIVE
Estimates for the RECEIVE block of swamp forest topography, junction 
areas, water depths, channel lengths and widths, and roughness coeffi­
cients were obtained by three methods. First, in the field the water 
slope from node 6 to 45 was measured using USGS benchmarks at nodes 
18 and 6 (Figure V-B4) and USACOE stage recorders at nodes 18 and 45. 
Surveyed levee heights along stream channels were referenced to MSL 
using the calculated water level of each node. Backswamp elevations and 
channel depths were calculated likewise. Backswamp slopes were cal­
culated by surveying a transect from the uplands north of junction 20 to 
junction 20. It was determined that at the swamp-upland interface land 
slope is essentially 0. Second, junction surface areas were calculated 
by digitizing USGS 15' quadrangle maps. Third, additional topographic 
and channel morphologic information was gathered from Louisiana Depart­
ment of Public Works surveying and blue print drawings of more than a 
dozen major canal network systems that encompass most of the swamp 
forest.
To simulate water flow through occasional spoil bank breaks a 
parallel system of channels was simaltaneously used to connect two 
junctions. One channel is characterized by large negative depths 
(negative implies above MSL) and wide widths, while the other channel is 
characterized by small negative depths and small widths. These channels 
represent, in the former case, flow over the top of the spoil banks 
(possible only when water reached that elevation) , and in the latter 
case, flow through bank breaks.
Water levels, areas, and bottom depths that describe each of the 45 
junctions modeled are presented in Table V-B5. In Table V-B6 descrip­
tive channel parameters are listed. Manning's roughness coefficients
were estimated from SCS (1972). Backswamp channels had coefficients of 
0.2, bayous 0.06, lake 0.014, and drainage canals 0.028. Channels 
changed for the simulation representing spoil bank and drainage canal 
removal are described in Table V-B7. Fewer parallel channels were used 
to abstract this condition and, therefore, there are only 73 channels 
versus 82 in the original setup. To represent the case of levee removal 
only, all parallel channels were dropped. Instead the wide channel 
widths associated with channels going over spoil banks were combined 
with depths of the spoil bank break channels.
NUTRIENT ACCOUNTING
Nutrient parameterization was quite involved. First, nutrient 
availability was determined by land use and then weighted with respect 
to total area to estimate total loading per year to the swamp. This was 
done using 1975 and 1995 land use areas. Loading was then divided into 
storm events and the coefficients relating to runoff determined. Last, 
uptake rates and equilibrium concentrations of N and P were determined 
for each junction in both stagnant and flowing backswamp hydrologic 
regimes.
Uplands
Nutrient availability on the upland subcatchments is a function of 
land use. The quantities of nitrogen and phosphorus expected to be 
available on various upland sources are listed in Table V-B8 . With the 
exception of agricultural nutrient runoff all values are from the 
literature. Estimates from local studies, e.g. Craig and Day (1977) 
were used when available. Local estimates were available for P 
associated with sewage and urban runoff. In the former case the
Louisiana value is considerably lower than that measured elsewhere 
(214 vs 795 g P/person/yr), while in the other the estimate is slightly 
higher. On an areal basis agricultural land contributes more N and P 
than any other land use. Forest and cleared lands contribute the least.
The N to P ratio of these various sources varies from 155:1 for pastureland 
to 4.5:1 for cropland. Sewage, cropland, and urban lands are relatively 
rich with respect to potential P sources while pasture, cleared, and 
forest lands are richer with respect to N.
Agricultural nutrient runoff estimates were calculated by con­
structing N and P budgets for each major crop and pasture. Budgets were 
constructed assuming steady state conditions by solving material 
balances for unknown inputs or outputs. Considered sources and sinks 
were fertilizer, crop harvest, fire (volatilization), sediment erosion, 
and runoff. Runoff of nutrients was in all cases the unknown flow.
Figure V-B5 portrays nutrient budgets of cropland and pasture. N 
fertilizer inputs range from 0 to 209 g/m /yr for soybeans and vege- 
table-orchard crops respectively. These same crops also had the lowest 
and highest P application rates. As sugarcane and pasture together 
represent more than two-thirds of total farmed agricultural land, it 
should be mentioned that both receive high loadings of N fertilizer. N 
and P that are removed from the land via harvest is highest for soy­
beans, a crop that receives no fertilizer. Nutrient loss is also high 
for sugarcane.
Nutrient loss associated with sediment erosion was assumed to be 
equal for all crops except pasture for which no sediment erosion was 
assumed. Nutrient loss was calculated by multiplying the weight of
sediment lost with the percentage N and P of an average local soil
type. The loss of sediment associated N and P was calculated to be
212 g N and 4.8 g P per m per year. Sediment erosion rates were assumed
to be the same as those measured for sugarcane land in the Lake Verret
watershed (SCS 1976). Lake Verret is adjacent to Lake Des
Allemands and has similar soil types and agricultural practices. The
2SCS study reported that 2.55 kg sediment erodes from an average m of 
agricultural land. Eighty-two percent of all sediment erosion in the 
watershed was attributed to agricultural land. Of this total 68 percent 
was deposited in field ditches. The remainder reaches the swamp. Of 
that, it was further calculated that 6.2 percent reaches the lake. Soil 
nutrient analyses of Golden and Ricaud (1965) for Mhoon, Commerce, and 
Sharkey soils found in the Des Allemands area have N and P contents 
ranging from .055 percent to 0.175 percent for N and 243 to 362 ppm for 
P.
At this point solving the materials balance for nutrient content of 
each soil leads to substantial unaccounted for quantities of N and P in 
the soil. If soil fertility is assumed not to be increasing then the 
balance indicates that the surplus must be running off the fields, either 
in dissolved or particulate form. This precludes denitrifi-cation. 
Patrick (personal communication) has done extensive agronomic work in 
Louisiana coastal soils and suggests that to account for refractory N 
and P buildup in soils and denitrification, 10 percent of the applied N 
and 1% of the applied P be routed from cropland to the swamp. The range 
of values in Table V-8 reflects what combination of estimates is used.
I believe that the best estimate for cropland includes measured erosion
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plus 10 percent and 1 percent of the applied N and P fertilizer, 
respectively. For pastureland I use 10 percent of excess fertilizer 
plus Shannon and Brezonik's (1972) estimate for phosphorus.
In Table V-B9 calculated loadings to the swamp in 1975 and 1995 are 
shown. These figures were obtained by multiplying the expected loadings 
per unit area by the area of each land use category. Note that in 1975 
about 75 percent of the N loading and 95 percent of the P loading comes 
from agricultural land. Urban- and sewage-derived nutrients are minor in 
comparison. In 1995 total loadings are projected to increase 28 percent 
for N and 16 percent for P. The most dramatic differences in 1995 will 
be with respect to N. Agricultural loading will decrease, while sewage 
related loading will increase. N loading related to sewage in 1995 is 
projected to be almost triple that of 1975. P loading in 1995 shows the 
same trend. P runoff from croplands will constitute only 61 percent 
of the total in 1995 versus 93 percent in 1975, while loading from 
sewage and urban areas will constitute 36 percent versus 14 percent 
of the 1975-1995 totals respectively. The N-P ratio of 19.75-1995 
loading will increase with respect to N slightly, bringing the ratio 
closer to the ideal ratio taken up by phytoplankton (Redfield et al.
1963).
These nutrient budget calculations represent only a first step in 
quantifying nutrient runoff to the swamp. Some sources and sinks, e.g. 
nitrogen fixation, rain associated nutrients, groundwater, and denitri­
fication require elaborate sampling to be adequately evaluated. Esti­
mates from the literature are unavailable for this area. Consequently, 
the budgets presented here are partial budgets; they estimate only gross 
supply.
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I assume that the loading rate of the above calculated annual 
loadings is directly proportional to annual rainfall. If 60" of rain 
falls annually, then 1" will transport 1/60 of the annual nutrient 
loading budgeted. A value of A .6 was used for the constant to 
determine how much and how fast a percentage of nutrients exit per unit 
runoff. This value dictates that 1/2 inch of runoff per hour will wash 
away 90 percent of the nutrients available per hour (SWMM 1971).
Swamp
The fate of nutrients after reaching the swamp is a function of 
concentrations and locations. Nutrients are either released from the 
sediments to the overlying water or removed from the overlying water and 
sorbed to sediments or incorporated into biomass.
Nutrient uptake is considerably different in the swamp than it is
in the aquatic system. For simplification it's assumed that uptake
rates in the lake are similar to those in other aquatic areas such as
canals and bayous. Both N and P are retained at 0.0014 per day in
waterbodies whereas only N is retained in the swamp CO.005 per day).
Swamp uptake was calculated from a nutrient accounting model and
measurements of surface water flux for the Des Allemands Swamp (Kemp
1978). The N uptake rate he found at a "natural" location C* 01/day) was
decreased by an amount corresponding to the difference in surface water
3
flux between that site and the impounded swamp (.901/1851 m  /month). The 
rationale operating is that nutrient retention is positively related to 
the development and extent of an aerobic surface layer at the soil-water 
interface. The rate of supply of oxygen to the interface is a function 
of turbulence or water movement (Howeler and Bouldin 1971). Hence with
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reduced water flux in the impounded area there is also a reduced aerobic 
zone.
Uptake in waterbodies was taken as the average of estimates based
on Butler's (1975) research in Lac des Allemands and empirically defined
relationships of Kirchner and Dillon (1975). In a nutrient budget
analysis of Lac des Allemands Butler found that 45 percent of incoming
nutrients to the lake were removed from the water column. Kirchner and
Dillon predict nutrient retention from a relationship between discharge
and lake surface area (areal water load. For Lac des Allemands 55
percent of incoming nutrients would be retained annually.
The above information indicated that if the present impounded
regime of the swamp forest system were replaced by one characterized by
significant overland flow, nutrient uptake rates would increase in the
swamp. A crawfish pond hydrologically managed to mimic overland flow
was investigated by Kemp (1978), and his data has been used to estimate
nutrient uptake rates in an overland flow regime. Water levels and
constant sheet flow are controllied via pumps, levees, and drainage
culverts. In April 1977 Kemp analyzed crawfish farm water for N and P
along a transect from the input pump to an outlet culvert. Uptake rates
for N and P were calculated by reconstructing the hydrologic regime.
The owner provided information concerning farm area, water depth,
6 2drainage rates, and pumping rates (1.38 x 10 m , 45 cm, entire volume/5
5 3 5 3days, or 1.24 x 10 m /day, 1.42 x 10 m /day respectively). If the
5 3farm can drain at 1.24 x 10 m /day without maintenance of head differentials,
then with head maintenance drainage would be greater. It was assumed
5 3that the owner was pumping an average of 1.33 x 10 m /day. The average
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distance a parcel of water would have traveled from the pump to the 
culvert was measured from a USGS 7 1/2" map to be 1466 m. Velocity 
would then average 0.0034 m/s. Kemp's stations were a total of 1200 m 
apart. The concentration of P decreased 33 percent, and of N 34 percent 
as water moved those 1200 m. In the pond, the uptake rate of N and P 
per day was 0.083 and 0.080 respectfully.
Swamp sediments have a buffering effect on water column P. The 
amount of P in flood water and soils depends on the capacity of the soil 
to release P to a solution low in P and to remove it from a solution 
high in P (Patrick and Khalid, 1974). No direct research has been done 
in the swamp to date that indicates the equilibrium concentration 
where P is removed and added to the column at equal rates. However, 
the equilibrium concentration estimate was based on Seaton's (19791 
extensive sampling in a backswamp location that receives little upland 
runoff. The average lowest concentrations of N and P found in the flood 
water of this location were 0.41 and 0.07 mg/1 respectively. As con­
centrations never go below this level and as allochthonous inputs are 
minimal, we can assume.that at these levels nutrients are released to
the water column. These concentrations are used in the model as minimal
%
concentrations, at all junctions. There was insufficient data available 
upon which to estimate what these concentrations would be in an overland 
flow regime with aerobic surface layers. Patrick and Khalid (1974) 
found that under anaerobic conditions more P is released from the soil 
into solution than under aerobic conditions. By assuming no difference 
I underestimate true nutrient uptake in an overland flow situation.
Initial concentrations are from Butler (1975) , Kemp (1978), and
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Seaton (1979). Total-N and total-P concentrations were set at 1.54-0.25 
mg/1 for stream junctions, 1.24-0.32 mg/1 for backswamp junctions, 
and 1.60-0.27 mg/1 for lake junctions, respectively.
SIMULATION RESULTS
Simulations were made for validation and predictive purposes. 
Validation was done mainly by sensitivity analysis in RUNOFF and by 
comparing simulation results to field observations in RECEIVE. Twenty- 
four simulations of RUNOFF were made to assess the effect of 1) 1975- 
1995 land use changes on water and nutrient runoff and 2) differing 
initial soil water contents on runoff. Simulations were made of RECEIVE 
to analyze water stages and discharges under four hydrologic conditions: 
1) present conditions using low initial water levels (stages below 
elevation of channel spoil banks), 2) present conditions using initial 
water levels 30 cm higher than 1 (above spoil banks), 3) conditions 
representative of spoil bank removal along Bayou Cheureuil, and 4) 
conditions representative of complete spoil bank removal and of upland 
discharge into backswamp areas rather than into drainage canals. Simu­
lations were also made to compare storm water and nutrient runoff using 
1975 and 1995 land use areas and to compare nutrient loading to Lac des 
Allemands using swamp hydrologic conditions as in 1 and 4 above. ! 
VALIDATION 
Runoff
To properly calibrate and verify a model with large data inputs
9such as RUNOFF, some amount of field measurements are necessary. Lacking 
extensive field measurements I can partially validate this model by
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showing that total runoff as calculated in the model for a single storm 
event falls within + 10 percent of the total runoff calculated using a 
static determination procedure (SCS 1972) that also relies on many 
estimates of area hydraulic properties. Additionally, by doing a 
sensitivity analysis those parameters that most affect the results 
can be identified. If changes in unmeasured parameters do not affect 
results too much, then one can have some degree of confidence in model 
predictions.
Parameters that are adjustable and need field evaluation are 
subcatchment width, area, slope, percent imperviousness, Manning's 
roughness, surface storage, and infiltration rates. Of the 11 para­
meters high confidence is had in 6 : subcatchment width, area, slope, and 
infiltration rates.
Sensitivity analyses proved that with the exception of area and 
slope (which must be considered as accurate), the percent imperviousness 
and the minimum infiltration rate were the only variables that when 
raised or lowered tenfold had major effects on runoff. By contrast, 
resistance factors and surface storage depths did not change the total 
percent running off more than 1 percent for 2.8 cm rainfalls.
Changing subcatchment width an order of magnitude resulted in 
increasing runoff slightly less than a factor of two. Changing the 
maximum infiltration rate from an estimated maximum rate (signifying a 
dry soil) to the estimated minimum rate (signifying a saturated soil) 
resulted in a 1.9 fold increase in total runoff with a 2.8 cm rainfall. 
However, for a 3.8 cm rainfall, runoff increased only 1.1 fold. This 
implies that to accurately predict runoff from small rainfalls great
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precision is needed in both determination of the maximum rate for a 
particular soil and in determination of the present moisture content of 
a soil. *
Lowering the minimum infiltration rate by three-quarters caused 
major changes in runoff volumes for 2.8 through 11.0 cm rainfalls. 
Although the estimated true value was measured in a similar adjacent 
system, future effort should be directed towards gaining accurate 
measurements from several locations in the Des Allemands Basin.
Of all parameters the percent imperviousness proved to be the most 
critical. However, as the primary goal of this study is to predict 
runoff changes associated with changing land use areas, comparative 
results will be valuable, as both are based on the same assumptions 
regarding the imperviousness of various land use categories.
As the parameters whose estimations I have the least confidence in 
are the least sensitive components of the model, simulation results can 
be considered to be reasonably accurate.
Receive
Calibration and verification of RECEIVE results proved difficult, 
as field measurements were few and crude. The following information was 
available against which model simulation results could be compared:
(1) Monthly current measurements taken for a one year period at junc­
tions 18, 37, 42, (Butler 1975), (2) water levels in Bayou Chevreuil 
extrapolated from measurements at junctions 18 and 6 (this study),
(3) one time measurements of velocity and discharge at channels 11-14 
and 11-30, (this study),(4) yearly average discharge predicted by 
Light et al. (1973) in channels 18-16, 37-16, 44-45, and (5) measurements
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of water level drop at junction 20 during a period in which the 
level was just below spoil bank crest (Whitehurst 1977).
RECEIVE is started from a standstill condition using measured or 
estimated water level values at each junction. The first day of simu­
lation represents a transcient state where water levels and velocities 
are approaching a dynamic steady state. The acceptance of hydraulic 
inputs from RUNOFF begins on the second day.
Model verification is made using present hydrologic conditions and 
low initial water levels, no inputs from RUNOFF, and results from day two. 
Butler (1975) recorded surface currents at junctions 18, 37, and 45 
monthly for a one-year period. The range and average velocity at each 
location was as follows: 1-41 cm/sec - 22 cm/sec average; 5-30 cm/sec - 
16 cm/sec average; 4-41 cm/sec - 20 cm/sec average, respectively.
Current measurements taken at several depths did not consistently 
show logarithmic profiles with depth. Speeds predicted in the model 
were 13, 6 , and 12 cm/sec at junctions 18, 37, and 45, respectively.
Model results assume cross-sectional homogeneity in flow hence are 
expected to be less than surface measurements. Simulated speeds do 
agree favorably with the range observed in the field.
After two days of simulation water levels in Bayou Chevreuil 
(channel running from node 6 to 16) rose an average of 16 cm (SD = 8 cm) 
at each junction. Although water levels rose the overall water level 
slope from junction 6 to 18 fell only 3 cm per 24 km. These results 
suggest that initial water levels used in the model were somewhat in 
error, but that the parameterization of the hydraulic character of this 
portion of the swamp is reasonably accurate. Otherwise slopes would
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have changed more.
Several cross-sectional and vertical measurements of water currents 
were measured at the intersection of channels 11-14 and 11-30 to 
determine what percentage of flow followed each channel and to check 
model predictions. Average integrated velocities and discharges for the
3
channels were 7.1 cm/sec - 6.4 m/sec and 10 cm/sec - 5.6 m /sec, ‘
*3
respectively. Model results show 8.2 cm/sec 7.3 m /sec and 12.2 cm/sec - 
36.8 m /sec, respectively. The high degree of similarity among
observed and predicted currents, discharges, and percentage of discharge
taking each route lends confidence in the accuracy of the model.
Roughly two-thirds of the flow goes down Bayou Chevreuil, while the
remainder goes toward Bayou Boeuf.
Light et al. (1973) developed computer programs to evaluate the
flow regime in the Lac des Allemands system. Mean annual discharge was
plotted at various locations in the swamp. Results indicated that
discharge into Lac des Allemands from Bayou Chevreuil (channel 19-16)
3averaged 11.0 m /sec. Discharge south from junction 45 was estimated at 
327.0 m /sec. Although Light's results were not verified, agreement with 
present results should lend credence to both models. Results from day
two of RECEIVE indicate the discharge from Bayou Chevreuil to be 9.6
3 3m /sec. From junction 45 discharge was 7.1 m /sec. Agreement is excellent
between discharge from Bayou Chevreuil. Slightly lower flow in RECEIVE
is expected as low water conditions were simulated. Flow from junction
45 is controlled by the head differential between Lac des Allemands and
lower Barataria estuary. A tidal function with zero amplitude is used in
the model to represent the downstream head. The downstream head causes
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water to pile up in Lac des Allemands. Consequently, discharge is lower 
than that shown by Light.
Due to the complexity of factors controlling water levels at 
junction 45 (Des Allemands) this analysis of hydrologic and nutrient 
RECEIVE simulation results is restricted to the Bayou Chevreuil basin. 
This includes backswamp and stream junctions upstream of channel 16- 
19. For this reason, developing an accurate representation of forcing 
functions acting at junction 45 can be avoided. The remainder of the 
Des Allemands system can be used as a forcing function acting on Bayou 
Chevreuil.
Whitehurst (1977) measured water levels at junction 20 during April 
1977. To see if RECEIVE accurately represents field observations, 
his measurements of water level decrease when initial water levels were 
just below streamside spoil bank crests were reviewed. Whitehurst's 
observations were separated into two components: (1) Evapotranspiration 
and (2) water flow through spoil bank breaks. Evapotranspiration was 
calculated using Thomthwaite and Mather (1955) techniques and local 
newspaper (Morning Advocate, Baton Rouge, LA) listings of temperature. 
Total water level drop not due to evaporation was attributed to flow. In 
RECEIVE the same evaporation rate was used. Water levels decreased 1.1 
times faster in RECEIVE than as measured by Whitehurst. This close 
agreement tends to verify model results. It is assumed that if there is 
close representation of junction 20 hydrology, other backswamp junctions 
will also be adequately modeled.
Agreement among simulation results of RECEIVE with available field 
data suggests that this system has been suitably abstracted and modeled.
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The verification process showed that flow from junction 45 is not 
necessarily accurate, and for that reason analysis of simulation results 




RUNOFF simulations were made to assess runoff and nutrient loading 
using three different rainfall rates (2.8, 5.6, 11.2 cm/storm) and five 
different infiltration rates under 1975 and projected 1995 land use 
makeups. These results are shown in Tables V-BlOa, 10b, 11 and Figures 
V-B6 , 7, 8 . The 2.8 cm rainfall represents actual hourly rates measured 
at Gonzales, LA, 1 March 1977. Higher rainfalls were either 2x or 4x 
greater. Figure V-B9 shows graphically the hourly rainfall distribution 
that drives the RUNOFF model.
Runs 1-15 represent present land use areas while 16-30 represent 
1995 land use areas. Runoff increases with increasing rainfall using 
present and future land use areas. As the maximum infiltration rate Is 
lowered from 4.1 cm/hr to 0.2 cm/hr total runoff increases. Runoff 
increases more with the 2.8 cm rain than with the 5.6 and 11.2 cm rains. 
Lowering the minimum infiltration rate from 0.2 cm/hr to 0.05 cm/hr 
leads to a much greater increase in runoff than a comparable decrease in 
the maximum infiltration rate.
The increase in runoff under a 1995 land use scenario is the most 
important result of these simulations. The 1975-1993 runoff difference 
is greatest with dry soil conditions and low rainfall. Runoff increases 
4.2 times over what it was with 1975 conditions. With high, rainfall,
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however, the Increase Is a more modest 7 percent over 1975 runoff 
volumes. There Is less difference found between dry and wet antecedent 
moisture conditions using 1995 land use areas than when using 1975 
areas.
As 85 percent of all rainfall episodes have 3.2 cm or less of rain 
per day the increase in impervious area by 1995 will have dramatic 
overall effects on runoff volumes to the swamp. Standing, stagnant, 
impounded backswamp areas are already experiencing productivity de­
creases. Additional runoff to the swamp can only exacerbate the problem. 
Receive
Four RECEIVE simulations were made to assess storm water flow under 
different hydrologic regimes using RUNOFF as the driving force. Regime 
1 (RUN 1) is based on a physical abstraction of present hydrologic 
conditions. Initial water levels are those measured in February 1978. 
Levels are low. Regime 2 (RUN 2) uses the same hydraulic properties as 
RUN 1 but starts with water levels 30 cm higher. In Run 1 water levels 
in the main streams are lower than spoil bank elevations. In Run 2 
water.levels are high enough to allow flow over many spoil banks.
Regime 3 (RUN 3) describes conditions that simulate spoil bank removal 
in many places. Water flow directions and initial levels are the same 
as Run 1. Backswamp flow remains at right angles to major stream flow.
Regime 4 (RUN 4) has been physically abstracted to represent runoff 
directly into backswamp areas. Major agricultural drainage canals are 
lacking, which allows possibility of downstream overland flow. All spoil 
banks are removed. Water levels begin similar to Run 1.
RUNOFF uses 1975 land use areas, a 5.6 cm rainfall, and a maximum
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infiltration rate of 0.81 cm/hr. This Infiltration rate corresponds to 
the annual average moisture content of soils in the area.
Simulations 1 and 2 (RUN 1 - RUN 2) compare water levels and currents 
for ten days during and after a storm. Rainfall occurs during day 1.
In Figure V-B10 water levels are plotted for three junctions along Bayou 
Chevreuil. Levels rise more at the upper portion of the basin (junction 
4 and 11) than at the lower portion (junction 18). Bayou Chevreuil 
water levels rise more in RUN 1 than RUN 2. The reason for this is that 
in RUN 1 water levels are initially considerably below spoil bank 
crests. All water input from the uplands is confined to canals and 
streams. A large volume of water added to the small volume capacity of 
the streams causes levels to rise significantly. In RUN 2, however, 
stream levels are already above levee crests, and the large runoff 
volume is not confined to streams but is spread over the entire swamp.
In both simulations the maximum water level rise occurs on the same day 
as the storm. An important difference between these runs is that most 
water levels recede faster in RUN 2 than RUN 1. This is because water 
that is impounded in the backswamp in RUN 1 is released slowly, while in 
RUN 2 water is released rapidly until levels approach that of spoil bank 
heights. This simulation shows that impoundment buffers stream water 
levels.
Figure V-Bll shows water levels at backswamp locations adjacent to 
the above stream junctions. Compared to water levels in the stream, 
less difference is seen between these runs. Water levels at junctions 
12, 13, and 20 rise less in RUN 1 than the rise measured at adjacent 
stream junctions (Figure V-B10). In RUN 2 the backswamp and the stream
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rise comparably. This shows that in RUN 1 water is confined for the 
most part to the streams while in RUN 2 water is rising everywhere. In 
both runs water levels at junction 13 reach a maximum at a day other 
than day 1. Stage recessions are more rapid in RUN 2 than RUN 1. This 
agrees with the previous observation concerning stream recession rates. 
The buffering effect of impoundment is shown. Slow release from the 
backswamp causes slow stage recession in streams. In RUN 2 discharge to 
Lac des Allemands is about 80 percent higher than RUN 1. Flow through 
backswamp channels, e.g., 18-20, 20-16, 18-21, 21-16 is much greater in
RUN 2 than RUN 1. This is as expected as in RUN 1 water levels are not 
high enough to flow into and through the backswamp.
Two other simulations examine the effect of levee and/or upland 
drainage canal removal. RUN 3 has the same channel grid as RUN 1 but 
all parallel channels are omitted. Instead depths of channels into the 
backswamp are the same as the backswamp elevation itself. RUN 4 also 
simulates levee removal, but upland dishcarge to the swamp is via 
overland flow and not via canals. Canal removal along with associated 
levees allows water to flow parallel to original canal axes, thus 
allowing considerably more downstream overland flow in the backswamp.
RUN 3 and 4 use RUN 1 initial water levels. These are two alternatives 
that land owners or the state could examine if an attempt to manage the 
swamp were deemed beneficial.
RUN 1, 3, and 4 hydrographs for Bayou Chevreuil junctions 4, 11, 
and 18 are shown in Figure V-B12. Hydrographs for RUN 1 and 3 rise more 
in the upper basin than they do at junction 18. At junction 4 RUN 1 and 
3 hydrographs rise more than two times higher than the RUN 4 hydrograph.
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At junction 11 all runs show about the same water level rise on day 1, 
but while they then fall in RUN 1 and 4 they continue to rise through 
day 10 in RUN 3. At the lower end of Bayou Chevreuil initial hydro­
graphs are comparable, but then water levels continue to rise in RUN 4 
while they fall in the other two runs.
Backswamp hydrographs for RUN 1, 3, and 4 exhibit a different 
pattern than that exhibited in the stream (Figure V-B13). As mentioned 
previously backswamp water levels in RUN 1 do not rise as much as the 
adjacent bayou levels. In RUN 3 and 4, however, levels in the backswamp 
rise considerably. RUN 4 contrasts the pattern of RUN 1 the most.
Water levels at junctions 12 and 13 rise more than they did in the 
bayou. This demonstrates the flux of water directly to the backswamp 
from the uplands. At node 13 in RUN 3 water levels rise for 9 days, as 
long as water levels rise in the adjacent bayou. At junction 20 hydro­
graphs decline from day 1 maximums for RUN 1 and 3 and climb through day 
9 for RUN 4. Hydrographs show that upper backswamp recession rates are 
greatest in RUN 4. Analysis of RUNS 1, 3, and 4 indicates that upstream 
water levels fluctuate most in RUN 4. In RUN 4 the upper Chevreuil 
basin drains rapidly and water piles up in the lower basin.
Discharge rates past junction 18 reveal several changes that occur 
when swamp geometry is changed. RUN 3 has 1.4 x the discharge of RUN 
1 and RUN 4 is greater still. In RUN 4 70 percent of the total flow to 
junction 18 is via the bayou. The remainder flows through the backswamp 
as overland flow. By way of contrast in RUN 1 only ten percent of 
total flow to junction 18 is through the backswamp. Spoil banks effectively 
prevent overbank flooding and significant downstream, backswamp flow.
Water drains rapidly from the upstream regions of Bayou Chevreuil in RUN 
4 and piles up in the lower region. Heads at junction 18 are higher in 
RUN 4 than in RUN 3 or RUN 1. The higher head at 18 is partially 
responsible for maintaining greater discharge to the lake in RUN 4 
than in the other simulations.
Nutrient Model
The effect of land use area changes on nutrient runoff from the Des 
Allemands uplands is shown in Figure V-B7,8. With higher rainfall 
episodes runoff of N and P is close to that calculated statically in 
Table V-B9. With rainfalls less than or equal to 2.8 cm/day, low soil 
moisture content leads to nutrient runoff that is up to 2.1 x greater 
under 1995 conditions than under 1975 conditions. For the following 
reason this estimate may be an artifact of modelling logic. It is 
assumed that nutrient availability is related to rainfall, but actual 
nutrient runoff is modelled as a function of runoff volumes. A 2.6 cm 
rainfall will have 1/60 of the annual nutrient load available for 
runoff, but if all rain infiltrates in the soil there will be no nutrient 
runoff. If all water does run off, however, all available nutrients will 
also run off. Although nutrients are made available with a 2.8 cm rain 
they don't all wash off under 1975 dry soil conditions because runoff is 
not high enough (infiltration is large). Soil conditions for 19.95 lead to 
increased water runoff and consequently causes increased nutrient 
runoff. Although this is an inconsistency, I believe that the results 
do indicate real phenomena. In reality nutrient runoff is related to 
runoff rate. As runoff volume is projected to increase significantly in 
1995 under dry soil conditions, it is to be expected that the potential
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energy available to cause erosion and carry nutrients will also in­
crease, thus leading to increased nutrient runoff.
Nutrient loading to Lac des Allemands from the Chevreuil basin was 
determined using RUN 1 and RUN 4. The latter was run with projected 
1995 land use areas and nutrient runoff estimates while the former uses 
1975 conditions. RUN 4 was chosen because unlike RUN 3 it does ex­
perience considerable downstream overland flow. Many backswamp areas in 
RUN 3 experience no or very slow back and forth flow from the bayou. 
Backswamp current speeds averaged 0 in RUN 1, 0.49 in RUN 3, and 0.81 
cm/sec in RUN 4. As nutrient uptake is proportional to the development 
of an aerobic surface layer, RUN 4 is most likely to lead to such 
development. Sparling (1966) showed that at velocities <0.4 cm/sec 
O2 was depleted in a bog. At velocities < 1.0 cm/sec waters remained 
agitated and saturated with O2 . RUN 4 has the highest backswamp 
velocities and comes closest to resembling conditions under which 
nutrient dynamics were determined in the crawfish pond.
The nutrient load to Lac des Allemands is calculated as the flux 
volume of water times concentration. Figure V-B14 shows total flux from 
day 1 through day 10 to Lac des Allemands from the Chevreuil basin. Not 
only is discharge greater in RUN 4 but it continues to increase through 
day 9. RUN 1 has peak discharge one day after the storm. In Figure V- 
B15 cumulative discharge for 10 days is plotted for RUN 1 and RUN 4. 
Total discharge is 22 percent higher in RUN 4 versus 1, and a larger 
percentage of floodwater flows through the backswamp than through the 
bayou.
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Although nutrient runoff into the swamp was projected to increase 25 
percent and 18 percent respectively for N and P between 1975 and 1995 
(see Fig. V-B7, 8 and Table V-B9), loading to the lake in 1995 under 
RUN 4 hydraulics is projected to actually decrease 23 percent for N and 
28 percent for P. This readily shows the effect of increased uptake 
rates in backswamp areas. In RUN 1 23 percent of total flow passes 
along channel 16-21 while in RUN 4 28 percent does. Although more water 
flows through this channel in RUN 4 considerably fewer nutrients reach 
the lake. A larger portion of nutrients entering this backswamp junction 
are removed from the water column in RUN 4 than RUN 1. Consequently 
loading is lowered. The same occurs with P. Water flow increases in 
RUN 4 but because of enhanced nutrient uptake in an overland flow regime 
nutrient loading is lowered.
MANAGEMENT IMPLICATIONS AND CONCLUSIONS
The ramifications of RUN 4 results are immense. The estimated 
decrease in nutrient loading to Lac des Allemands warrants additional 
scientific research to further verify model results. Contrary to 
commonly held beliefs, simulation results•suggest that removal of levees 
and agricultural drainage canals could actually increase the rate of 
water runoff to Lac des Allemands with no increase in flooding of 
agricultural fields.
These results contrast those of Light et al. (1973). Light et al. 
abstracted the Des Allemands system into a series of 26 subunits. Flow 
from unit to unit was a function of hydraulic radius calculated from the 
combined width of rivers and canals linking units and including those 
cutting perpendicularly to the natural hydrologic network. Two cases
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were simulated, one representing present drainage density and another 
with drainage density reduced 50 percent. Results showed that density 
reduction caused decreased discharge rates and higher water level stages 
in the swamp. Light believed that the area should be managed to con­
serve water in the swamp; however, that abstraction of the hydrologic 
network is improper because the vast majority of canals are blocked off 
at both ends and have levees. Rather than facilitating drainage, most 
canals cause impoundment. This is clearly evidenced in simulation 
results from RUN 1. Rather than conserving water it would be beneficial 
to the swamp forest to have backswamps drain. RUN 4 results indicate 
that levee removal and upland discharge into backswamp areas promote 
quicker draining of the Bayou Chevreuil drainage basin. Light et al. 
did not consider downstream flow through backswamps as a water exit 
route.
2Nutrient loading to Lac des Allemands is presently 2.7 gN/m /yr 
2and 0.39 gP/m /yr (Craig and Day 1977). RUN 4 results suggest that
2 2 loading can be reduced to at least 2.1 gN/m /yr and 0.28 gP/m->/yr if
reduction rates modeled in the Chevreuil basin can be extrapolated to
the ramaining Des Allemands system. As RUN 4 results are based on
higher than present loading rates, the above reductions should be
considered as conservative estimates. Shannon and Brezonik (1972)
studied the relationships between lake trophic state and N and P loading
rates. They showed a highly significant correlation between P supply and
trophic state. Present loading to Lac des Allemands classifies the
lake in the overlapping eutrophic-hypereutrophic class (Shannon and
Brezonik 1972). If loading can be reduced to RUN 4 levels then the lake
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will clearly move out of the hypereutrophic class and approach the 
mesotrophic category. Trophic state could be reduced 43 percent.
This kind of change would help return the lake to former conditions.
In addition to lowering the trophic state in Lac des Allemands, 
hydrologic modifications similar to those modelled in RUN 4 could also 
increase swamp forest productivity. Nutrient uptake from overland flow
by the backswamp is analogous to a free application of fertilizer
2 2 equivalent to 0.3 gN/m /yr and 0.05 gP/m /yr. In addition to ferti­
lization the improved drainage regime would also lead to enhanced forest 
growth. In the crawfish farm that has an artificially controlled 
hydrologic regime with drained periods, Conner (unpublished) found 
forest productivity to be twice that in uncontrolled and impounded areas 
of the swamp. As RUN 4 conditions could lead to conditions similar to 
those found on the crawfish farm one could expect similar productivity 
increases throughout the swamp.
The benefits realized by managing swamp hydrology are not restricted 
to the forest and lake but extend to the entire Des Allemands system. 
Natural energy inputs associated with primary production could be 
increased approximately twofold. As primary production accounts for 
half of all natural energy inputs a doubling would increase total 
natural energy 1.3 x. With the level of industrial and urban growth 
predicted for the region this area will need the potentially available 
increase in natural energies to match the increase of purchased, 
human system energies. As the investment ratio between these two energies 
is already beyond the optimal value of 2.5 (Odum and Odum 1976; see 
section III) any increases in natural energies to match the higher
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quality purchased energies will enable more productive use of human 
system energies.
In summary this modelling exercise has shown that the projected 
urban and industrial expansion in the Des Allemands system will lead to 
increased nutrient loading and increased storm water runoff to the 
wetlands. Increased runoff is attributed mainly to the increase in 
impervious areas. It will be most pronounced with the predominant 
rainfalls of under 2.5 cm. Modelling swamp hydrology showed that the 
present system of canals and spoil banks causes impoundment of swamp 
areas and does not optimize discharge rates to Lac des Allemands.
Backswamp areas act as buffers, storing water for slow release. Simu­
lations show that the hydrology could be managed to increase discharge 
rates to the lower estuary, to increase productivity of the swamp forest 
and to decrease lake eutrophication. This could be done by removing 
spoil banks and allowing upland runoff to pass through the backswamp in 
place of through drainage canals. Such management would be welcomed 
by nature lovers, sugar cane farmers, hunters, fishers, and those who 
appreciate the aesthetic appeal of healthy wetland ecosystems.
Table V-Bl.Projected Land Uae Shift* In the 
De* Alleaandes Swamp Baaln
Area (hectares)
PRESENT FUTURE(1995)
LAND USE SIMULATION SIMULATION 4
Wetland Total 94119 92178 -1941
Swamp 89413 87369 -1844
Water 4706 4609 - 97
Drained Total 61700 63641
Residential,
Commercial,
and Services 4162 12,694 +8532
Industrial 228 1404 +1176
9708
Cropland 20698 17459 -3239
Pasture 14135 11930 -2205
Field Support 9086 7639 -1447
Forest 13392 12519 - 873
Based on: 1) Increases In urban areas as calculated In Table A-9.Land was
shifted away from other areas on basis of State Planning Projected 
Pariah Land Needs and then by calculating Z of total ahift from 
£hch land type. e.g. 1985 has projected urban increase of 10,000 ha. 
That was calculated to come from swamp, farm, forest etc. 20Z sweep, 
9X forest, 71Z farm.
Table V-B2. Estimated values of Runoff parameters.
PARAMETER LAND USE CATEGORY REFERENCE







































































Table V-B3. Average Runoff Parameters Uaed for Slaulatlona Baaed on Percent Land-Use In Total Svaep Baaln
Width Area Percent Slope (n) Detention Depth (cn) Infiltration (ca«hr~^) ("aec"!)
(n) (ha) Impervious Impervious Pervious Impervloua Pervious Maximum Hlnlmua Decay
10349 3434 4.26 0.0014








































1 1 18.3 2634 56915 0.028 2.4
2 2 18.3 '4641 19418 0.028 2.4
3 3 14.6 1021 10044 0.028 2.1
4 4 18.3 4493 15000 0.028 2.6
5 5 14.6 1737 10044 0.028 2.6 •
6 6 14.6 2438 10004 0.028 2.7
7 7 12.2 2972 13057 0.028 2.4
8 8 12.2 2073 17410 0.028 2.4
9 9 9.8 3353 56915 0.028 3.7
10 10 9.8 3696 56915 0.028 4.9
11 11 24.4 3635 56915 0.028 4.9
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Table V-B5. SWMM Junction Parameters.
160
Junction Water level Cm) Area (ha) Bottom depth (m)
1 1.21 5.91 0.36
2 1.01 10.7 0.21
3 1.16 5184.9 1.00
4 1.16 7500.0 1.00
5 0.82 19.8 -0.55
6 0.91 4.8 . -0.49
7 0.72 15.7 -0.61
8 0.81 7193.3 0.58
9 0.73 13.2 -0.73
10 0.61 32.1 -0.68
11 0.91 18.9 -0.13
12 0.46 30.0 -1.22
13 0.63 3123.6 0.48
14 0.38 33.3 -1.46
15 0.56 1495.4 0.41
16 0.46 13.7 -1.1
17 0.53 1606.9 0.38
18 0.32 20.5 -1.52
19 0.27 31.3 -1.68
20 0.46 4818.8 0.30
21 0.46 3601.3 0.30
22 0.46 34.0 -0.91
23 0.32 6354.1 0.30
24 0.46 15.9 -0.91
25 0.32 3816.0 0.30
26 0.46 18.0 -0.91
27 0.32 6757.4 0.30
28 0.32 9084.6 0.30
29 0.32 13.4 -0.91
30 0.46 719.3 0.41
31 0.76 2383.8 0.58
32 0.37 2444.2 0.34
33 0.46 1211.9 0.58
34 0.32 4497.2 0.43
35 0.46 1815.1 0.58
36 0.32 3717.5 0.43
37 0.27 2958.2 0.27
38 0.23 1035.3 -1.52
39 0.23 1164.5 -1.52
40 0.23 785.3 -1.52
41 0.23 547.4 -1.52
42 0.23 2040.0 -1.52
43 0.23 889.4 -1.52
44 0.23 386.6 -1.52
45 0.23 99.4 -1.52
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Table V-86. SWMM Channel Paranetera.
hannel Coordlnatea* Length (*) Width (■) Bottom depth (■)
Roughneai
Coefflclet
1 1 2 7596.8 13.2 0.358 0.06
2 2 3 2747.8 9052.6 1.164 0.2
3 2 7 2752.6 10838.0 1.164 0.2
4 2 3 6843.8 15.2 0.171 0.06
S 4 7 6834.6 7109.8 1.015 0.2
6 3 6 2967.2 32.0 -0.52 0.028
7 3 4 3337.0 36.3 -0.58 0.06
8 3 12 5172.2 4431.3 1.77 0.2
9 4 12 ' 3632.3 3584.4 1.63 0.2
10 10 12 4362.3 4330.6 1.52 0.2
11 11 12 7626.7 4459.5 ’ 1.37 0.2
12 4 10 4305.3 39.3 -0.64 0.06
13 9 10 6527.0 18.3 -0.73 0.028
14 10 11 4858.2 42.7 -0.95 0.06
13 11 13 2316.4 9833.7 0.91 0.2
16 11 30 3126.6 30.5 -1.22 0.06
17 8 30 9648.1 18.3 -1.31 0.028
18 11 14 6283.1 43.7 -1.34 0.06
19 14 38 5376.7 21.3 -1.1 0.028
20 14 17 1813.3 2B34.6 0.99 0.2
21 14 15 2163.6 7824.8 1.01 0.2
22 14 18 2757.8 45.7 -1.49 0.06
23 IB 20 3459.2 4765.2 0.55 0.2
24 18 19 6076.8 43.7 -1.58 0.06
23 18 21 3878.0 4765.2 0.4 0.2
26 19 20 1710.8 6894.3 0.55 0.2
27 20 16 6302.7 6402.9 0.30 0.2
28 19 16 7139.9 45.7 -1.68 0.06
29 21 16 5601.3 2460.0 0.30 0.2
30 16 39 7805.6 1541.7 -1.52 0.014
31 22 39 8583.5 39.6 -0.91 0.028
32 22 23 8232.3 9.1 -0.46 0.06
33 23 39 2804.5 9081.8 0.29 0.2
34 39 40 6462.1 1250.0 -1.52 0.014
33 39 42 5821.4 3791.7 -1.52 0.014
36 40 42 3501.0 2583.5 -1.52 0.014
37 41 42 3409.8 3416.8 -1.52 0.014
38 42 43 4850.6 3333.6 -1.52 0.014
39 16 42 5291.6 4583.6 -1.52 0.014
40 16 43 6113.1 2125.1 -1.52 0.014
41 24 40 4166.6 30.5 -0.98 0.06
42 23 40 4594.6 6519.4 0.29 0.10
43 23 41 2SBS.6 7335.3 0.40 0.2
44 26 43 8450.9 21.3 -0.98 0.028
43 41 43 3106.3 1708.4 -1.52 0.014
Table V- BSContlnued.
Channel Coordlnatea* Length (■) Width (■) Bottom depth (a)
Boughneaa 
Coefficient (n)
46 27 43 5364.5 1303.3 0.4 0.2
47 30 32 8177.8 18.3 -1.22 0.06
48 31 32 7647.7 15.2 -1.37 0.06
49 33 34 4168.1 21.3 -1.46 0.028
SO 34 37 7611.8 21.3 -1.95 0.028
51 32 37 10524.0 27.4 -1.83 0.06
52 35 36 4727.8 21.3 -1.46 0.06
S3 36 37 6329.2 21.3 -1.93 0.06
54 37 16 6016.8 45.7 -1.37 0.06
55 28 45 3840.5 7821.2 0.305 0.2
56 27 28 2834.6 5943.6 0.305 0.2
57 27 43 6278.9 21.3 -0.98 0.028
58 43 44 4267.2 792.5 -1.52 0.22
59 44 45 5638.8 21.3 -1.52 0.22
60 19 21 1534.1 6509.0 0.43 0.2
61 9 38 7993.1 15.2 -1.07 0.028
62 3 5 6944.0 4943.2 1.0 0.2
63 40 41 4401.9 1666.6 -1.52 0.014
64 2 3 2747.8 1005.8 1.01 0.2
65 2 4 2752.6 2709.4 1.01 0.2
66 5 8 5172.2 137.5 0.85 0.2
67 7 8 3632.3 110.9 0.7 0.2
68 8 10 4362.3 133.8 0.58 0.2
69 8 12 7626.7 138.1 0.46 0.2
70 12 13 2516.4 1095.1 0.48 0.2
71 14 17 1813.3 315.2 0.38 0.2
72 14 15 2165.6 869.3 0.41 0.2
73 19 20 1985.2 766.3 0.305 0.2
74 30 32 6603.8 4063.9 0.37 0.2
75 31 32 6605.6 3048.0 0.46 0.2
76 33 34 3827.7 6142.9 0.49 0.2
77 34 37 7025.3 4812.8 0.37 0.2
78 32 37 9520.4 2275.6 0.305 0.2
79 35 36 4572.0 8523.7 0.49 0.2
80 36 37 5120.6 5446.8 0.37 0.2
81 37 16 5503.5 4111.8 0.27 0.2
82 19 21 1534.1 723.3 0.30 0.2
* - refera to upstreaa - dovnarrcaa ternlnua
Table V-B7. SWMM Channel Change* for 1995 Slnulatlon.
Channel aCoordinate* Length (■) Width (a) Bottoa dipth
Roughness 
Coefficient (n)
2 2 5 2747.8 9052.6 1.01 0.2
3 2 7 2752.6 10838.0 1.01 0.2
6 3 6 2967.2 12192.0 0.88 0.2
8 3 12 5172.2 4451.3 0.85 0.2
9 4 12 3632.3 3584.4 0.70 0.2
10 10 12 4362.3 4330.6 0.58 0.2
11 11 12 7626.7 4459.5 0.46 0.2
13 9 13 8158.6 5275.2 0.48 0.2
IS 11 13 2516.4 3285.1 0.48 0.2
17 8 30 9648.1 18.3 0.30 0.06
19 13 38 3172.7 3996.5 0.48 0.2
20 14 17 1813.3 1378.9 0.38 0.2
21 14 15 - 2165.6 2608.2 0.41 0.2
23 IB 20 3459.2 4765.2 0.30 0.2
25 18 21 3878.0 4765.2 0.30 0.2
26 19 20 1710.8 6894.3 0.30 0.2
31 24 23 1090.3 12965.6 0.30 0.2
61 24 40 4166.6 30.5 0.76 0.06
46 8 12 3925.5 6978.7 0.58 0.014
60 19 21 1534.1 7232.3 0.30 0.2
62 3 5 6944.0 4943.2 1.01 0.2
64 26 27 6019.2 9375.0 0.30 0.2
65 25 26 4012.7 5320.6 0.30 0.2
66 10 13 2642.0 3285.1 0.58 0.2
67 13 14 5032.9 3285.1 0.41 0.2
68 11 15 3176.9 2608.2 0.48 0.2
69 15 IB 3421.4 2608.2 0.34 0.2
70 13 17 7209.4 1619.1 0.44 0.2
71 17 18 3299.2 1378.9 0.34 0.2
72 22 23 7484.4 1955.0 0.40 0.2
73 24 40 4166.6 2072.6 0.40 0.2
* - refer* to upstreaa - dovnstreaa terminus
Table V- BS. Expected Quantities of Nitrogen and Phosphorus froa Various Sources
Loading Source Nutrient Reference
N Ratio P







Cropland y2.37 4.47:1 Y0.53 *a Present Study
2.24 g/m2/yr 124:1 0.018 g/m2/yr Shsnnon
1972
I Brezonlk
1.2 2.4:1 0.5 *b Present Study
4.9 2.9:1 1.7 *c Present Study
6.1 2.8:1 2.2 *d Present Study
Pasture y2.8 155:1 yo.oib *e Present Study
0.83 47.2:1 0.018 Shannon
1972
& Brezonlk
10.6 — 0 *f Present Study
Cleared 0.18 30:1 0.006 Shannon
1972
6 Brezonlk
Forest 0.24 30:1 0.008 Shannon
1972
& Brezonlk







Note: *a Includes 10Z and IX of applied N and P respectively and measured erosion.
*b erosion only.
*c fertilizer excess only.
*d erosion plus fertilizer excess.
*e 10Z of applied N, and Shannon and Brazonlk (1972) estimate for P.
• *f fertilizer excess only.
y - values used In model.
Table V-B9. Loading and Percentage Contrlbutlona from Varloua 
Cultural and Natural Sources for the Dea Alleaandes Basin
Nutrient Land Dae Category
Foreat Cleared Feature Crop Urban Sevage Total




P Load 1.07 z 10 
percentage 0.8
1.6 z 10' 
1.3
5.5 z 10J 
0.4
3.96 z 108 
33.4
2.54 z 106 
1.9
4.91 z 108 3.86 z 107 2.22 z 10‘
40.9 3.2




1.2 z 10' 
9.1
1.2 z 10' 
100
1.3 z 10 
100
8
1995 N Load 3.0 z 10'
percentage 2.0 
of Total
F Load 1.0 z 106
percentage 0.7
1.38 z 10 
0.9
4.6 z 10-' 
0.3
3.34 z 10° 
21.8
2.15 z 10” 
1.4
4.14 z 10° 1.24 z 10° 6.15 z 10°
27.1 8.1 40.1
9.25 z 10' 2.11 z 10' 3.34 z 10'
61.3 14.0 22.3
1.53 z 10' 9.2:1 100
1.51 z 10 100
10:1
Note: gN or P/upland area/reaching avaap every yesr^ '̂
calculated by: Loading by land use type (g/a /yr) X a of land uae
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Max. Min. H P
1 4.11 0.2 2.8 0.357 0.037 3.5 0.12 1975
2 2.08 M • n M 6.7 0.18 If
3 0.81 M M *1 n 7.8 0.22 H
4 2.08 M M M m 8.6 0.24 M
5 4.11 0.05 M •1 M 30.8 0.86 II
6 4.11 0.2 3.6 0.713 0.075 33 1.84 II
7 2.08 •1 M M H 35 1.93 It
8 0.81 •1 M II n 37 2.03 n
9 2.08 •1 M H n 39 2.16 M
10 4.11 0.05 N *1 •1 54 2.98 M
11 4.11 0.02 11.2 1.427 0.149 39 6.51 ft
12 2.09 n •I II M 64 7.08 ft
13 0.81 11 I* II •1 66 7.22 ft
14 2:08 •1 •1 II •1 66 7.31 II
13 4.11 0.05 II M * •1 82 9.06 II
16 4.11 0.2 2.8 .46 .045 19 .51 1995
17 2.08 *1 • 1 0.046 0.0045 20 .54 •1
18 0.81 <11 H II 11 20 .57 N
19 2.08 II M. M 21 .57 M
20 4.11 0.05 II •1 n 51 1.42 M
21 .4.11 0.2 5.6 .91 .09 47 2.61 1995
22 2.08 11 H M H 49 2.66 •1
23 . 0.81 11 II II ■1 49 2.72 M
24 2.08 •1 N N II 50 2.74 M
25 4.11 0.05 M II •1 76 4.19 M
26 4.11 0.2 11.2 1.82 .18 70 7.82 «
27 2.08 •1 M •1 •1 72 7.90 H
28 0.81 n •1 H n 72 7.96 •I
29 2.08 •1 W H 11 72 7.99 II
30 4.11 0.2 N M •1 88 9.66 H
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TiUtV-B10bjSl»iUtlon remit* of atorn vater and nutrient runoff fron th* Daa Allenanda natural levee upland*
Simulation H toad 





ng • 1“1 
P
Incon H
■« • rl Incon P ■g • I-1 Year
1 .68 .68 5.59 .56 6.43 0.67 ‘ 1975
2 .91 .95 4.93 .52 6.43 0.67 •
3 1.04 1.09 4.85 .50 6.43 0.67 99
A 1.09 1.13 4.6 .47 6.43 0.67 99
5 2.0 2.09 2.3 .24 6.43 0.67 N
6 4.35 4.54 2.4 .24 12.71 1.33 H
7 4.35 4.54 2.3 .23 12.71 1.33 N
8 4.35 4.54 2.1 .21 12.71 1.33 M
9 4.35 4.54 2.06 .21 12.71 1.33 M
10 4.35 4.54 1.46 .15 12.71 1.33 99
11 8.71 9.07 1.34 .14 24.72 2.59 H
12 8.71 9.12 1.23 .13 24.72 2.59 94
13 8.71 9.12 1.22 .13 24.72 2.59 M
14 8.71 9.12 1.21 .13 24.72 2.59 •1
IS 8.71 9.12 0.96 .10 24.72 2.59 98
16 .22 .22 4.36 0.43 8.27 0.81 1995
17 .23 .22 4.22 0.41 8.27 0.81 98
18 .23 .22 4.01 0.38 8.27 0.81 M
19 .23 ..22 4.01 0.39 8.27 0.81 98
20 .28 .27 1.96 0.18 8.27 0.81 94
21 .54 .54 2.09 .20 16.1 1.57 1995
22 .54 .54 2.04 .20 16.1 1.57 99
23 .54 .54 2.00 .20 16.1 1.57 99
24 .54 .54 1.98 .19 16.1 1.57 H
25 .54 .54 1.29 .12 16.1 1.57 98
26 1.13 1.09 1.45 .13 29.8 2.91 M
27 1.13 1.09 1.43 .13 29.8 2.91 88
28 1.13 1.09 1.42 .13 29.8 2.91 98
29 1.13 1.09 1.42 .13 29.8 2.91 98
30 1.13 1.09 1.17 .11 29.8 2.91 84













a b , 




a b - 
(kg x 10 )
Percent
A
1-16 3.5-19 442 .12-.51 318 .68-2.22 227 .68-2.18 220
2-17 6.7-20 198 .18-.54 192 .91-2.27 150 .95-2.18 129
3-18 7.8-20 156 .22-.57 163 1.04-2.27 117 1.09-2.18 100
4-19 8.6-21 144 .23-.57 141 1.09-2.27 108 1.13-2.22 96
5-20 30.8-51 66 .86-1.42 66 2.0 -2.77 39 2.09-2.68 28
6-21 33.0-47 33 1.84-2.60 42 4.35-5.44 25 4.54-5.44 20
7-22 35.0-49 40 1.93-2.66 38 4.35-5.44 25 4.54-5.44 20
8-23 37.0-50 35 2.03-2.72 34 4.35-5.44 25 4.54-5.44 • 20
9-24 39.0-56 37 2.12-2.75 30 4.35-5.44 25 4.54-5.44 20
10-25 54.0-70 95 2.98-4.19 41 4.35-5.44 25 4.54-5.44 20
11-26 59.0-72 22 6.51-7.82 20 8.71-11.3 30 9.07-10.9 20
12-27 64.0-72 12 7.08-7.90 12 8.71-11.3 30 9.12-10.9 19
13-28 66.0-72 9 7.22-7.96 10 8.71-11.3 30 9.12-10.9 19
14-29 66.0-72 9 7.31-7.99 9 8.71-11.3 30 9.12-10.9 19
15-30 82.0-88 7 9.06-9.66 7 8.71-11.3 30 9.12-10.9 19
Note: a - 1975 simulation
b - 1995 simulation
Figure V-Bl. Location of Des Allemands swamp in relation 
to the Barataria Basin Hydrologic Unit
LOCATION OF DES ALLEMANDS SWAMP IN RELATION TO THE 
BARATARIA BASIN HYDROLOGIC UNIT
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Figure V-B4. Physical abstraction of Des Allemands Hydrologic regime
Lake
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Figure V-B7. Projected relative changes in future N loadings 
(1975-1995)
PROJECTED RELATIVE CHANGES IN FUTURE N LOADINGS (1975-1995)
2.8cm Rainfall
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Figure V-B10. Bayou Chevreuil stage changes Comparing runs
1 and 2
Bayou Chevreuil Stage Changes
Comparing Runs 1,2
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Figure V-B12. Bayou Chevreuil stage changes - Comparing simulations 
1, 3 and 4
Bayou Chevreuil Stage Changes
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% STREAM 














0  STREAM 
Q  BACK SWAMP
Eo
o0>a





1 2  3 4 5 6 7 8 9  10 
day
1 2 3 4 5 6  7 8 9  10 
day
______________ RUN 4
L  RUN 1
1 2 3 4 5  6 7 8 9  10 
day
194
Figure V— B14. Comparative daily discharge rates - comparing runs
1 and 4








Figure V-B15. Discharge and N and P loading to Lac des Allemands 
from Chevreuil basin during a single storm event - 




§  o 16.8
O 14.0 u.
















A COMPARISON OF NATURAL VERSUS PURCHASED ENERGY 
SUBSIDIES TO TWO ECOSYSTEMS
High rates of primary production are achieved through capture of 
optimal amounts and proportions of available energies and materials 
by producers. I modern agricultural systems, high productivity is 
achieved through a combination of energy flows that include sunlight 
and technological sources. The latter are controlled by man and are 
dependent on fossil fuels (Heichel 1973, Pimentel et al. 1973). Culti­
vation of sugarcane in the Louisiana river delta region is an example 
of such an agricultural system. Net production averages 26.0 metric 
dry weight tons/ha (see Table E-l) . This high level of production is 
partially attributable to fossil fuel-based energy subsidies: labor, 
fuel, tractors, plows, herbicides, fertilizers, and pesticides.
High levels of production are also found in several natural systems, 
including tropical rainforests, regions of oceanic upwelling, coral 
reefs, and estuaries (Odum 1971). The coastal salt marsh ecosystem, 
which is within 30 km of the previously mentioned sugarcane, is very 
productive. Net production of the salt marsh estuarine system is 
26.3 metric dry weight tons/ha (see section dealing with natural enrgy 
flows).
Ecological literature often compares productivities of various 
natural ecosystems with intensively managed agricultural systems in 
order to present a spectrum of production levels (Odum 1971, David et al. 
1975, Dobben and Lowe-McConnel 1975). Very little is devoted to explaining 
why one system is more or less productive than another. Schelske and
199
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Odum (1962) mentioned that salt marshes of Georgia are as productive 
as intensively cultivated sugarcane (that being the extent of an 
explanation of sugarcane's high productivity) and listed four or 
five general reasons why. There has been no quantitative comparison 
of the subsidies that are responsible for the rapid growth of these 
two systems. The objective of this section is to compare kinds and 
quantities of input subsidies on an energetic basis and to compare 
utilization efficiency of these inputs. Case studies investigated 
are based on the sugarcane grown in the Barataria river delta region 
along the natural levees of the Mississippi River and Bayou Lafourche 
and salt marsh (including aquatic areas) in the Barataria Basin 
Hydrologic Unit in Louisiana.
The energy flows that support and drive the salt marsh ecosystem and 
the sugarcane agricultural system in the study area can be divided 
into three categories. The input energies to each system are listed 
in Table E-l and are shown in a conceptual model in Figure E-l. The 
first group of energy inputs are natural. They are free, renewable energies 
of nature that drive and subsidize both systems. The second group also 
consists of natural energy inputs, but because of location and/or 
man's activities they are only received by the salt marsh ecosystem.
Included in this latter group are tidal energies, wave energies, and the 
chemical potential energy of the Mississippi River. The third group 
includes the purchased energies of man that.are fossil, fuel based.
Renewable input energies are slightly higher (2561 vs 2031) for 
a salt marsh ecosystem unit area than they are for sugarcane. Wind 
energy and the power associated with the hydrostatic head of the
Mississippi River are similar. The power associated with the river is 
an indirect input, but because it is responsible for the entire formation 
of the delta the river must be considered. Roughly 1.8 x more energy is 
captured in photosynthesis by the salt marsh than by sugarcane. This 
factor was identified by Schelske and Odum (1962) in Georgia as being 
partially responsible for the high levels of production in salt marshes. 
In a sugarcane field considerable energy is expended by labor, machinery, 
fuel, and herbicides to remove all but one primary producer (sugarcane). 
Weeds compete with cane for light and nutrients. In a salt marsh, 
however, not only are there more than one species of primary emergent 
macrophyte (Spartina altemiflora is dominant) but also there are benthic 
and epibenthic algae on the marsh and in the bays and ponds and 
phytoplankton in the water column. In addition, a salt marsh has year- 
round production. The benthic algae can be grouped into two categories: 
a group (Polysiphonia sp. and Bostrychia sp.) that florishes during 
flooded conditions of summer and a group (Enteromorpha sp. and Ectocarpus 
sp. ) that florishes during non-flooded winter conditions (Day et al. 
1973). Sugarcane only grows from March through November and is plowed 
under for up to nine months every four years.
Sugarcane does not receive any energy subsidies in the form of 
waves, tides, or the chemical free energy of mixing fresh water and salt 
water due to its upland location and the leveeing of the Mississippi 
River. However, these are quite significant subsidies for the salt 
marsh ecosystem. Flowing water due to tides subsidizes the marsh by 
moving food, organic matter, nutrients, and substrate. During high 
tide there is greater surface area under which phytoplankton can
photosynthesize. Delaune et al. (1979) documented the tidal energy 
subsidy on salt marshes. They found that soil bulk density decreases 
with decreasing water flow kinetic energy. Decreased bulk density is 
associated with increased organic matter deposition (because it is not 
physically exported to aquatic areas by water flow) and decreased mineral 
content (because the energy is not available to bring sediments into 
the area). With decreased mineral matter there are fewer, nutrients 
available for plant growth. Consequently tides function on an analogy 
with fertilizer applications on sugarcane fields, but they do not require 
labor, fuel, machinery, or fertilizer to do so. The free energy (AG) 
from the fresh-salt water gradient aids in water mixing and sediment 
flocculation and is similar to the work done by plows, tractors, and 
fertilizers on the farm.
*
There are great differences between the nutrient cycles of sugarcane 
and salt marsh systems. Sugarcane nutrient cycles are characterized 
more as flow-through systems than as cycles. Salt marshes are usually 
characterized as nutrient traps and cycling systems. Their rate of 
export if any is usually low (Woodwell 1977, Hopkinson and Day 1977). 
Filter-feeding organisms filter particulate matter from the water column 
and sediment it on marsh and water bottoms. This aids in conserving 
nutrients. In contrast, on sugarcane farms the trapping of nutrients 
is almost nonexistent. Rains cause soil erosion and leaching of 
applied and non-applied nutrients. Whenever crops are harvested nutrients 
are automatically removed with the product. Whereas salt marshes conserve 
nutrients, agricultural systems do not. Work processes performed by 
Group II natural energies in the salt marsh system are performed by
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Group III purchased energies in the sugarcane system. In an agricul­
tural system, tides, waves, and the chemical energy of a freshwater- 
saltwater gradient have been replaced by human labor, special seed, 
machinery, fuel, insecticide, herbicides, and fertilizer. It takes 
an equivalent of 1265 CE kcal of these latter subsidies to perform 
the work of 393 CE kcal of the former.
The energy returned from the energy invested in these two systems
g
is more than 2:1. For sugarcane 87.1 x 10 kcal of food quality
g — ^
energy (net production) is produced from 32.96 x 10 CE kcal‘ha ‘yr
of input energies. For the salt marsh an input of 29.54 x 10^ CE kcal*
“1 “1 6 ha *yr brings about the production (net production) of 108.4 x 10
food quality kcal per hectare annually. The energy return ratio is
slightly higher on the salt marsh.
In summary, the sugarcane system is actually bucking the
natural system. Free energy inputs to a salt marsh are altered by
man in the attempt to maximize the production of a single species of
grass (sugarcane). Large auxiliary power flows from fossil fuel and labor
replace those of the natural system. Forty-five percent of the input
energies to a sugarcane system are purchased. For the salt marsh system
water movement from tides and waves takes the place of machinery,
fuel, and labor inputs on a sugarcane ecosystem. System-produced seed
is spread for free by winds, organisms, and water in a salt marsh while
purchased seed is produced, chosen, and spread by labor, machinery,
and fuel on a sugarcane field. The reason why salt marsh ecosystems
are so productive is partially attributable to the free energy subsidies
of nature, while the reason sugarcane systems are so productive is
because of a combination of purchased and natural energy subsidies.
Tabic E-l. Driving energy flowa of augarcane and aalt narah ecoayatena
Energy Input nane CE kcal per b*Sugarcane Salt aiarah
Croup I. Natural Energlea .






Mlaalaalppl River 638 638





Croup II. Natural Energlea
Tldea°> • 0 17
Chemical free energy of mixing^
Mlaalaalppl River 0 376
Rainwater 0 Inalgnlflcant
Bayou Lafourche 0 2
0 393









Total 3296 CE kcal 2956 CE kcal ,.b-2.yr“l .>-2.yr-l
*Mcaaured aa groia photoayntheala.
b. Froa Table I1I-1.
c. Froa Table V-Al. NPP- 35.3x10° kcal/acra (26 va. 30 tona/acre, 17.6 dry/ 
wet. 3.6 kcal/g dry, k fallow) x 2.67 ha/acra, x 1.6 GP/NP, x .OS CE/aun, 
X 1 ha/10,000 a2 - 702 kcal/aZ.
d. Froa Table III-6.
e. Baaed on area of bracklah and aallne habltata.
f. Pimentel et al. (1973).
g. Calculated fron dollar coat converalon which la baaed on the ratio of 
Croaa National Product to national power conauaptlon.
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APPENDIX I
This section presents the methodology and results of identifying 
the areal extent of the' various ecological and land use zones in the 
BBHU. Land use areas used in the second section were summarized from 
information in this appendix. Land use areas used in the Des Allemands 
system model are shown in detail at the end of this account.
Ecological zonation in the BBHU is mainly in response to two 
factors: 1) elevation and concommittant flooding periodicity and 
2) water salinity. The major ecological habitats are shown in Figure 
A-l. Twenty percent of the region is dry land (high or reclaimed 
wetland). This includes the natural levees, crevasses, barrier islands, 
and artificially drained lands, which will be called upland habitat.
The remainder of the BBHU is composed of wetlands and aquatic areas.
These wet areas have been divided into several ecological zones on the 
basis of vegetation characteristics. As salinity decreases there is 
a progression from salt water marshes at the Gulfward end of the basin to 
brackish and fresh marshes inland. The wetland region furthest from 
the Gulf is classified as freshwater swamp.
The areas of each ecological habitat (TAble A-l) were calculated 
using Adam's et al. (1976) measurements of total area, upland and swamp 
habitats and Chabreck's (1972) determinations of salinity zone 
proportions and land to water ratios. The fresh marsh region is the 
most extensive, while the swamp and brackish habitats are the. smallest. 
With decreasing salinity there is an increase in the ratio of land to 




An inventory was made of various land use categories in BBHU.
The areal extent of each category was compiled by digitizing, with a 
Calmagraphic II digitizing system, 1:125,000 maps prepared by the 
USGS, for the Louisiana State Planning Office. Thirteen major land 
use categories were identified and ranged from stripland and clustered 
development to cropland and pasture. The areal extent of each is 
tabulated in Table A-2 and defined in Table A-3.
The BBHU was divided into zones adjacent to each of the wetland 
vegetational zones, separating out the fresh marsh surrounding the 
West Bank of New Orleans, to show in what regions of the basin the different 
land use types predominate. With the exception of areas devoted to 
extractive activities such as mining, oil fields, gas fields, etc., 
all categories considered are located on upland habitat, mainly along 
the natural levees of Bayou Lafourche and the Mississippi River.
Upland habitat (124,631 ha) is classified grossly as either farmland 
(90,310 ha), urban land (22,567 ha), or nonfarm forest (11,723 ha).
The ratio of land uses varies from the head to the mouth of the BBHU.
Upland surrounding the swamp has 69. percent of the total farmland while that 
adjacent to salt marsh has only five percent. In contrast, urban land 
or land devoted to residential, commercial, istitutional uses, etc. is 
highest in the vicinity of the West Bank of NEw Orleans. Land 
associated with fossil fuel extraction activities compreses ten percent 
of the total area of BBHU.
The areal extent of various crops has been detailed for use in 
the section dealing with agricultural energy use. Table A-4 lists the 
area devoted to each crop in the region in 19.69. Statistics for the
basin were determined by multiplying total parish figures by the per­
centage of a parish within the basin. Total farmland listed in this table 
is greater than that listed in Table A-2 because the latter considers only 
cropland and pasture. Total farmland is greater when areas such as roads, 
forest and buildings are included. Cropland comprises 41 percent of 
the total and pasture 28 percent.
The areal extent of all major geomorphic, ecological and land use
areas is in a constant state of flux. The flux is fundamentally due '
to two factors: 1) land loss or erosion along with salinity intrusion
and 2) economic development and urbanization. The fortier has been
studied extensively by Gagliano and van Beek (1970), Adams et al.
(1976), and Craig et al. (1979). The geomorphological factors
operating in the Mississippi River deltaic plain are flow regime,
*
water chemistry, sediment load of the river, local biological processes, 
and artificial processes. The broad Louisiana deltaic plain has 
resulted from past distributary switches causing lateral shifting of 
land building. As one area builds another retreats. The. BBHU no 
longer experiences sediment input and is consequently in the erosional 
phase. Erosional processes lead to shoreline retreat and land loss 
in basin marshes. Consequently the basin has a constantly Increasing 
water:land ratio. In addition to natural erosional processes, man is 
augmenting rates of land loss directly through dredging of land and 
indirectly by causing increased salt water intrusion (which tends 
to temporarily kill erosion retarding vegetation) and increased water 
level fluctuations (hence erosional energy).
Associated with economic development and urbanization are decreases
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in the area of primitive natural habitats. Mature oak forests
i
along the natural levees have been replaced through time by land 
devoted to agriculture and urban uses. In the BBHU, extensive areas 
of wetlands have been drained for agricultural and urban reasons.
Table A-5 presents information concerning the areal extent 
of the primary ecological zones in the BBHU in the past (either 
presettlement by Europeans or in 1900), the present, and in 1995. For 
the same time periods the areal extents of the various land uses on 
the upland habitat are listed in Table II-6 .
Several processes were integrated to arrive at the areas listed 
in these tables. Total basin area was determined for the three 
periods by extrapolating from the shoreline retreat rate found by 
Adams et al. (1976). In 100 years total basin area has declined by 
less than one percent. 1995 areas were determined by using the average 
rates of conversion of land to water in the various ecological zones 
(Adams et al. 1976) and by the land reclamation rates estimated by the 
Louisiana State Planning Office (see below for details). Upland 
habitat area in 1895 was determined by combining information concerning 
farm acreage (USDI Census Reports Vol. VI - Agriculture - 189.91 and 
the extent of land higher than 1.5 m MSL. In this study it is assumed 
that most land less than 1.5 m MSL currently in upland habitat was 
originally wetland and hence was reclaimed during the interval (see 
Mclntire et al. 1975). The balance between past and present upland areas 
was distributed among the various wetland areas on the basis of the 
percentage of upland area adjacent to each habitat type at present. 
Salinity intrusion rates (Van Sickle et al. 1976) were used in determining
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past and future Increases or decreases of each marshland habitat 
type. It is assumed that as salt water intrudes into the wetlands 
additional, saline and brackish habitat is created at the expense of fresh
marsh area. As fresh marsh area decreases, there are increases in both
saline and brackish marsh area in equal amounts. The ratio of land to 
water in 1900 was calculated from Gagliano's and van Beek's (1970) 
ratio determinations in each USGS 7 1/2 quadrat map of the area in
1891. For this study the quadrat maps covering each salinity zone were 
determined and then the ratios for each map were multiplied by the total 
area of each zone.
Between 1890, the present, and 1995, there have been three major changes 
in the areal extents of the various ecological zones. (Table A-5).
First, land-water ratios have decreased. For example, fresh marsh changed 
from 6.7:1 in 1890 to 1.1:1 in 1995. Although the change is most
dramatic in the fresh marsh zone, the other zones also experience
land:water decreases. Second, upland habitat increased 40 percent in 
100 years. This has resulted entirely from reclamation. In contrast to 
a gain in upland area there was a 26 percent decrease in the area of 
fresh marsh. Third, there have been changes in the land use pattern 
on the upland habitat. Land use areas in 1890 (Table A-6) were obtained 
by USDI, Census Reports Vol. VI - Agriculture and I - Population (1899). 
Residential, commercial, and industrial uses were determined using 
current per capita densities for each use and past population estimates. 
Areas of agriculture and forest were determined from the agricultural 
census reports. Future land use areas were obtained from the Louisiana 
State Planning Office report titled "Projected Parish Land Needs" 0-977).
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Their projections were based on researching existing documents and inter­
viewing public parish officials and knowledgeable persons concerned 
about the coastal zone. As their study was done on a parish basis, 
their estimates were weighted in terms of percentage of a parish's area 
occupying the Barataria Basin. Parish results are tabulated in Table A-7. 
Parish growth rates were extrapolated to 1995 using growth rate that.
The Louisiana State Planning Office figured for 1975-1985. These 
projections are shown in Table A-6 . Overall, industrial growth is 
projected to increase 377 percent. Total growth of all 
urban land uses is estimated to increase 164 percent.
Projected development is at the expense of other types of land use. 
There are either shifts from one urban use to another or there are shifts 
from farm, forest, swamp, or marsh lands to urban land. Table A-8 
breaks down the acreage consumed by all expansions by land use classifi­
cation for each parish. The majority of the land that is to be urbanized 
is former farmland (52 percent). A large proportion is estimated to 
come from further reclamation of wetlands —  15 percent swamp and 
12 percent marsh. The loss of wetlands to reclamation is included in 
TAble A-5. Figure A-2 portrays pictorially the changes occurring in land 
devoted to various urban uses in the BBHU.
Land use changes in the Des Allemands region were calculated for use 
in the Des Allemands modelling section. The Des Allemands region 
includes the entire upper basin swamp and a portion of the fresh marsh 
and adjacent uplands to Louisiana highway 190. Areal extents of the 
various land uses were determined as described for the entire BBHU, 
but attention was restricted to only those parishes in the Des Allemands
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system. Future changes were obtained from the Louisiana State Planning 
Office. Table A-9 shows the areal extent of the various land use 
categories at present, in 1985 (as predicted by the State Planning 
Office), and 1995. Land use categories that decreased in size are also 
shown in this table. As for the entire BBHU, farmland is being converted 
to urban use at the greatest rate. Seventy-one percent of the increases 
in urban land will be at the expense of framland. By comparing Tables 
A-7 and A-9 it is seen that urbanization is projected to proceed at a 
quicker pace in the Des Allemands area than in the rest of the BBHU. 
Urbanization will increase by 53 percent during the 1975-85 period in 
the BBHU and by 91 percent in the Des Allemands portion. Industrialization 
will increase twice as fast in the swamp area as in the rest of the basin.
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Total area 521,980 628,619 628,619
High or dry land 
Land 132,510 122,352 122,352
Water 2,279 2,279
Swamp
Land 6,240 97,954 97,954
Water 2,202 2,202
Saline marsh
Land 58,363 63,973 63,356
Water 75,670 80,445 82,144
Brackish marsh
Land 50,707 69,075 55,036
Water 44,467 35,120 48,263
Fresh marsh
Land 80,859 114,375 87,789
Water 61,935 40,844 67,240
Total water 182,070. 160,890 202,128
Total marsh 189,930 247,423 206,182
*Values in Column A from Chabreck (1965) > Column B from Adams et al. 
(1976) and Column C has values used in this study.
Table A-2. Areal extent of land use categories in Barataria basin hydrologic unit.
LOCATION LAND USE CATEGORY* (HECTARES)
11 12 13 14 15 16 17 18 19 21 22 A**
Adjacent to swamp 478 145 215 1922 12 81 3063 0 193 47747 5 4097 51851
Adjacent to fresh marsh 1126 86 667 26419 56 57 2077 0 267 19830 95 4336 24267
Adjacent to fresh marsh 
along the New Orleans 




10 0 277 25839 8 0 595 0 0 4949 95 890 5934
Adjacent to saline marsh 16 61 484 7981 61 63 1827 0 24 1152 94 2536 3782
Total 6919 798 3534 62502 824 954 8016 13 1510 74726 289 22567 97589
See Table II-3 for land use code and definitions. 
Total area of categories 11-19 minus 14.
Total area of all categories except 14.
nz
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Table A-3. Land uae categories Identified In the Barataria Basin hydrologic unit.
Cross categorization Land use category Associated subsets
1. Urban and Built-Up Land
2. Agricultural Land
11. Residential
12. Commercial and Services
13. Industrial
14. Extractive
15. Transportation. Communications, 
and Utilities
16. Institutional
17. Strip and Clustered Settlements 
19. Open and Other
21. Cropland and Pasture
22. Orchards, Croves, Bush Fruits,
Vineyards, and Horticultural Areas
23. Feeding Operations
24. Other
Slngle-famlly household units 
Multi-family household units 








Sand and gravel pits
Open pit and strip mining
Oil, gas, sulphur, salt, and other
Hlghvays, auto parking, bus terminal, 
motor freight and other facilities 
Railroads and associated facilities 
Airports an<T- associated facilities 
Karine craft facilities 
Telecommunication, radio and telephone 
facilities 
Electric, gas, water, aewage disposal 






Cropland - > 7SZ sugarcane
Pasture
Other
NOTE: For the purposes of this report, use of land Is categorized In the following manner:
Residential - land refers to where there is single family detached, multi-family, group quarters, residential 
hotels, mobile home parka, and other forms of duellings. Strip and clustered settlement Is a type of 
residential land that Is situated as small bands along natural levees or crevasses.
Commerclal-Servlces - refers to land which houses wholesale trade and retail trade; business, professional 
and personal services; governmental services; medical services; water and sewerage treatment 
facilities; and similar services.
Industrial - refers to that land occupied by heavy and light Industry, food processing, and storage and 
producTlon facilities.
Extractive - pertains to oil, gas, sand and gravel, sulfur, mines, and other uses which remove surface or 
subsurface masses.
Transportation: Communications, and Utilities - Includes highways, railroads, port facilities, airports, 
communications and pipelines.
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Land Water Land Water Land Water
Swamp 149753 1451 97954 2202 76978 17576
CRa 0.0084
PreBh narsh 176115 26315 87789 67240 77033 73333
CR 0.0125
Brackish narsh 97337 17177 55036 48264 40922 61482
CR 0.008
Salt narsh 77063 74041 63356 82144 53219 922B0
CR 0.0084
Upland 96246 124634 134724
Total Basin 633124 628619 627550
Note: a) Conversion rate (CR) of land to water per year.
Table A-6. Changes in Land Use Categories on Upland Habitat through Time
Land use type Area (hectares)1890 Present 1995
Total upland 96246 124634 134727
Agirucltural forest 23680 12067 9688
Nonagricultural forest 11613 4224
Industrial 652 3534 15461
Residential and commercial, etc. 3333 19278 42537
Agirculture
Pastures 6395 24882 19942
Cropland 47562 36596 29094
Farm support 14624 16664 13370
Note: 1995 areas calculated by increasing residential and industrial areas by State Planning estimates 
and decreasing others as predicted by State Planning projections. 1900 areas calculated by 
multiplying 1900 population by 1975 per capita densities for industrial and residential zones. 
Agricultural areas from U.S. Department of Agriculture.
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Table A-7. Present and predicted areal extent of major urban land use categories in Barataria Basin
(to 1985). From Louisiana State Planning Office.
Areal Extent of Land Use Categories (hectares)
Parish Residential Commercial and Industrial Transportation Total
Services
1975 1985 % 1975 1985 % 1975 1985 % 1975 1985 % 1975 1985 %
Jefferson 8817 11088 26 794 1205 52 1590 1603 83 505 518 8 11706 14414 23
Lafourche 2469 5400 119 470 684 46 240 704 193 1107 2255 104 4286 9043 111
St. Charles 1151 1741 51 72 94 30 1007 1241 23 1094 1396 18 3325 4373 31
St. James 800 957 20 91 125 38 300 810 170 0 294 X 1191 2186 84
Orleans 448 542 21 52 81 56 80 80 0 44 45 3 624 748 20
Assumption 504 633 26 53 61 15 48 58 20 147 274 86 752 1026 36
St. John 234 482 106 41 196 378 467 1946 317 106 371 251 848 2995 253
Total 14423 20840 44 1573 2447 56 3772 6442 73 3004 5054 68 22732 34783 53
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Table A-8. Areas of land consumed in projected Barataria Basin Development by use category (1975-1985).
Parish
Land Use Areas Developed (hectares) 
and Percent of Total
Farmland Forest Swamp Marsh Total
Jefferson 2593 97% 87 3% 2681
Laf- tirche 2637 62% 558 13% 834 20% 191 5% 4221
St. charles 805 78% 229 22% 1034
St. James 754 77% 223 23% 977
St. John 1391 72% 56 3% 487 25% 1933
Orleans 16 12% 109 88% 125
Assumption 235 87% 34 13% 270
Total 5824 52% 3446 21% 1584 15% 38.8 12% 11241
Table A-9. Land use changes in the Des Allemands basin.
Area (hectares)
Land Use Category 1975 1985 %
Residential 3539 5932 68
Commercial 467 786 68
Industrial 1607 3993 148
Transportation 1536 2930 91
Total 7150 13643 91
Figure A-l. Ecological zones and urban centers of Barataria Basin
Hydrologic Unit
ECOlOGICAl ZONES ANO URBAN CENTERS OF BARATARIA BASIN HYDROlOGIC UNIT
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